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INTRODUCTION TO VOLUME TWO 


The subject of Irulusirial Chemistry ruiturally falls umler two big 
classifications: One of these deals with the manufacturing operations 
involving, primarily, mineral or inorganic substances; while the other 
confines itself more especially to the production of materials of an organic 
nature. 


In the first part of this treatise we have considered the heavy acids 
and inorganic chemicals as being the basic raw materials for all industrial 


operations. We have directed our attention to the general manufacturing 
processes and equipment, and have studied the fundamental subjects 
of fuel and water supply. 

Among the important inorganic industries we liave included the 
various branches of that general .subject which is clas.-jified under the 
heading of Ceramics, and have dealt with the production of pigments, 
paints, fertilizers and electro-chemical products. 

We now come to the organic field, where we find a great variety of 
industries which depend primarily for their existence upon raw materials 
of an organic nature. Thus we start this section with a description of 
some of the most common organic chemicals, briefly mentioning tho.se 
which will \)Q met most frequently in the subsequent text. 

The subject of coal tar and its distillation products with their numerous 
ramifications in the field of dyestuffs, intermediates, perfumes and 
explosives are carefully consi<lered under numerous headings, thus bring¬ 
ing into one book a subject which might well be covered in several voluiiu's. 
Wood distillation, illuminating and industrial gases, petroleum products, 
oUs, textiles, cellulose products, varnishes and lacquers, paper and leather, 
casein and glue are all great chemical industries, and in turn serve to 
furnish raw materials for other equally important manufacturing oper¬ 
ations. 
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CHAPTKH XXIII 


INDUSTRIAL ORGANIC CHEMICALS AND DYE INTERMEDIATES 


ALEXANDER l.OWV 

ProUssor of (fr/jniiir ('hriin's(r,f, rniicrsil’j of /‘ilfi^hurgh, PiUfiburglt, Pa. 


OncJAXK' clu'inistry or iho clK'inistry of (■!irl)on coinpf)un(ls deals with 
more than 200,000 eoinpounds. \\ liile many of lhes«‘ are looked upon as 
mere sei(Mitific C)r lal)oratory euriosities. very many of tluMu fiiul various 
npi)lieations in our indu'^lries and in (tur daily life. The production of 
dyes, dye intermediates, fuels, solvents, explosives, disinfectants, insecti¬ 
cides, antiseptics. dnip:s, perfume materials, flavoring substances, food 
preservatives, .synthetic resins, plastics, synthetic tannins, rubber accelera¬ 
tors, flotation agents, photographic developers, color lakes, sweetening 
agents, rayon, lacrpiei's, and variotis other topics mentioned in this volume, 
in general, belong to the realm of industrial organic chemi-stry. 

Coal ranks of paramount importance as the raw material of the organic 
chemical industtA'. It is of such importance that organic chemicals arc 
often classified as of coal tar and of non-coal tar origin. Although natural 
gas and petroleum proilucts were heretofore mainly utilized onlj' for fuel 
purposes, recent research reveals that many of their chemical components 
can be used as the starting materials for industrial organic chemicals of 
tlie non-coal origin type. In ad<lition, the new fermentation industries 
provide a number of industrial organic chemicals. 


In the United States alone, in 1929, over 69,000,000 tons of by-product 
coke were made, the coal tar production totaling 736,000,000 gals. The 
trend of conservation of our natural resources is shown by the replacement 
of the wasteful beehive ovens by the by-product ovens. By using the 
latter method, coal gas, ammonia, coal tar, anti light oils arc recovered 
in addition to the coke. It is the light oil and tar from coal that insures 
an abundant supply of basic materials for the organic chemical industries. 
Although over 200 compounds have already been isolated from the light 
oil and coal tar, only a few basic materials are separated on a commercial 
scale to be used as starting materials for synthetic organic compounds. 
The following are the important ones: benzene, toluene, xylene, phenol, 
cresol, naphthalene, anthracene, and pyridine. Phenanthrene, carbazole, 
cumenes, and acenaphthene are still not used extensively. 

In 1929, in the United States alone, over 633,000,000 lbs. of synthetic 
organic chemicals were produced of non-coal tar origin. The raw mate¬ 
rials for these synthetic chemicals arc natural gas, petroleum, com, 
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molasses, coke, cellulose, calcium earhule. etc. The variety (if iiroiluet'^ 
made from these materials find exten>ive uses as solvents, medicinal', 
perfumery, flotation agents. lo\v-freezin«: dynamite, l.ac(|uer<. anti-knock 
compounds, etc. Such eoinpounds as synthetic methanol, butanol, ethyl 
acetate, acetaldehyde, acetone, butyl acetate, ethyl lactate. am> 1 acetate, 
lead tetraeth\d, xanthates. carbon tetracldoride, ethyhuu' jrl>’col. formal¬ 
dehyde, etc., are manufactured and utilizial on very larjze scale. 

Typical Reactions of Organic Chemistry, ('oal. natural gas. wood, 
petroleum, plants, and fermentation |)roce.s.ses furnish comparatively few- 
raw materials from which by re.'orting to well-known types of chemical 
reactions, the many organic chemicals and dye intermediates are .syn¬ 
thesized. The mo.st important types of reactions with examph's follow-: 

Nitration. The introduction of the —XOo group is called nitration 
and the apparatu-s in whicli the operation is eorulucted is known as the 
nitrator. In some cases dilute HXO.-j can be used {provided no oxidation 
takes place); in others the nitration will proceed only with eonccntrat«'d 
or fuming HNO.t. In most ca.ses the pre.sence of Ii 2 S(), is necessary to 
act as a dehydrating agent. .Vcetic acid or acetic anhydride may .'^erve 
the same purpose. Nitration is usually conducted with mixed acid (11X0;, 
andH 2 S(),j). The following are the important factors: strength of mi.\<*d 
acid, amount of acid, temperature of reaction, agitation, time of reaction, 
whctfier the compound to be nitrated i.s added to the acid or vice vei>ii. 

Examples: 




NH-COCHa 

HNO 3 + H^SO^ 
at 0 


/^NHCOCHa 

Q 

^N02 



CH3I-1-AgNOa 
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Sulfonation. The introduction of the —SO.H group is called sul- 
fonation and the apparatus in which the operation is conducted is 
known as the sulfonator. Sulfonation reactions arc usually carried out 
with II,S(),, oleum. Xa^SO., NaHSO.o Cl-SO.H, Na.S.O-, etc. The 
following are the important factoi-s in sulfonation: strength of H 2 S().i 
and oleum, amount of acid, temperature of reaction, agitation, time of 
reaction, whether the compound to be sulfonatcd is added to the acid 
or vioo versa. 

10xainpl<‘s: 



C2HBI + NazSOa -^CzHg-SOaNa 



Reduction. This process is utilized mainly for the reduction of the 
—NO 2 group, and the apparatus in which the operation is conducted is 
known as the reducer. Many of the compounds containing such groups 
as the =CO, —NO, —N==N—, —NH—NH—, etc., are also reduced. 
Many reducing agents are resorted to under variable conditions. The 
following reagents are used extensively in the industries: Fe and HCl, 
different metals and acids, SnCU, H 2 , Na 2 S 204 , Na 2 S, (NH4)2S, FeSO*, Na 
amalgam, metals and alkalies, NaHSOs, H 2 SO 3 , etc. 
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Examples: 



Olein H2(Ni cato! >:sO__ 


Oxidation. The following oxidizing agents arc extensively used: 
O 2 and air (catal>'tic), H 2 Cr 04 , HNO 3 , MnOa, NaOCl, PbO>, H 2 O 2 , 
hypobroniites, ferric salts, pennangauates, etc. 

Examples: 

CH 3 OH Air + Cu c atalyst^ „ , CHO 


Air + V2O5 catalyst 


C\° 

0 

C^O 


CH3 

I 

-S03H 

N 02 


NaOCl + NaOH 


CH = CH 


^SOgH 

NO 2 


-SO3H 

NOo 


H2Cr04 


CH,-CHO _Air tcatalyti^—^ CHa-COOH 
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JInlogcnailon. Tliis reaction deals with the addition or substitution 
of halotii-ns. Clilorine is most extensively used owing to its low price. 
'I'lie following are tlie important reagents used: Clj (with or without 
catalysts). Br-, I 2 , SOjC’L', SOCb, PCb, HOCl, NaClOa + HCl. 

lixamples: 




CHg-COOH - Cl2(catalyst) -^cHgCl-COOH 



Alkali Fusion. This process is utilized mainly for the conversion of 
the — SO 3 H group to the — OH group, and the apparatus in which the 
operation is conducted is known as the fusion kettle. NaOH is most 
often used. KOH or a mixture of NaOH and KOH are sometimes 
resorted to. 
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Examples: 



NaOH 

- 


acid 






Alkylation. This process is utilized mainly for the substitution of the 
H in —OH and —NH 2 groups by alkyl groups. The ('H;j— and C 2 H 5 — 
groups are the ones most frequently used. Sometime.^ the reaction is con¬ 
ducted in an autoclave. The following are the important reagents used: 
(CH 3 ) 2 S 04 , (C 2 H 5 ) 2 S 04 , CH 3 OH, C 2 U 5 OH, CHaCl, KI, HCHO + reduc¬ 
ing agent. 

Examples: 
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(>18 


A„,„lal,on or Amroorwlu.h. Tl.i. process is utilized rna.nly for the 
inlroiiuetioii of the -Nil,, group or for the substitution of the —St):,H, 
Cl, OH groups hv the -NH. group. Very often the reactions are con- 
(luclod with NII:t nr NH-,OH in an autoclave in the presence of ^aUbU3, 
(NHO^SOf. ('ll. MnOo. ZnC'b. etc. 




Acylation. This process is utilized mainly for the introduction of the 
CHaCb— or CtiHr.CO— groups. The following are the important re¬ 
agents used: CH 3 COCI, (CH:tC())20, CH;(COOH,CoHr.COCl,CoH5COOH. 
Acylation reactions, where CH 3 COCI or C’uHaCOCl arc used, are often 
conducted in presence of carbonates, alkalies, pyridine, etc., to combine 
with the liberated HCl. 

Examples: 



CHvCOCKAlCls) 


a 


CO-CHa 



acetic anhydride 


CeHs COCl 




NH 


CHj* COOH 


^^NH-C0*CH3 




A 


NH • COCH 
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Cundcnmtiou. This process is utilized mainly for the combination of 
two or more moles of the same or of different eompounds, with or without 
the elimination of H2O, HCl, Nlly, etc. 

Examples: 


HNH 




Perkin’s Reaction (sec chart facing p. 666). 

Friedel-Crafl’s Reaction (sec chart facing p. 666). 

6H CHO + 4 NH:( -» (CH2).iN4 + 6H2O 

Production of “Bakclitc” (H-CHO + phenol). 

liydrohjifiH. This proce.s.s utilizes H2O a.s the reagent for the conversion 
of —X to —OH; ester to acid and alcohol; —C’N to —CONH2 to 
—COOH; —CH:N— to —CHO + —NII2; —SO.^H to —OH; etc. 
Enzymes arc often employed to produce hydrolyses. The hydrolysis 
of an ester to its respective alcohol and acid is often referred to as saponi¬ 
fication. 
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lOxaniplos: 




CIIoUl! • CII^Cl 


CHgOH • CH2OH 




j^^^COOH 


CH3COOC2H5-»^CH3C00H + C2II5OH 


Fats and Oils -glycerol + fatty acids 



Diazotization. This process is used extensively for the preparation 
of diazo- or diazonium-coinpounds which are in turn used in the prepara¬ 
tion of many organic compounds and dyes. The reaction is carried out by 
treating the salts of primary amines with HONO (NaN02 + acid) usually 
at low temperatures. 

Examples: 



Niirosation. This process is used mainly for the introduction of the 
—NO group. The operation is carried out by the addition of a mineral 
acid to NaNOa in presence of the organic compound. 
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Examples: 



+ HONO-^ (CH3)2N-NO 



EstcTification. This process is used extensively for the preparation 
of esters. Tlic reaction i.s usually carried out by heating alcohols or 
phenols and acids (inorganic or organic) or their anhydrides in the presence 
of dehydrating agents (HCl, H 2 SO 4 , etc.). 

Examples: 


CHa'COOH + C2H5OH 


CH3-COOC2H5+ H 2 O 


0 COOH 

+ CH3OH 



+ HgO 



+ 


CHa-C^® 

)o 

CHs-C^^O 



+ CHa-COOH 


CeHiiOH + HONO 


CgHijONO + H2O 


CH2OH HONO 2 
I + 

CH2OH HONO 2 


CH 2 -O-NO 2 

I 

CII2-O-NO2 




COOC 2 H 6 
COOC2 Hg 


+ H^O 



052 
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\n,lralizalion. This process is used for the preparation of ^Its of 
l,oth inorganic and organic acids. The acids react with inetalhc hydros- 

ides, oxUles, carbonates, etc. 

Examples: 


II-coon + KOH 
C’OOH 


-» II COOK + HoO 
COONa 


-r Na-COa 


+ H>0 + CO 2 


COOII 


COONa 


rohnnenzafion. This process deals with the conversion of one com¬ 
pound into another, b<»th liaving tlie sivme percentage composition but 
the proiluct having a molecular weight whicli is a simple multiple of the 

starting material. 

ICxamples: 

_-» (H CH0)4 


XII CTIO 


3CH:,CTlO 


H>S04 


^ (CH:,.CH0)3 


ZCAU 


Hot Tube 


CgHg 


Molecular Rearraugement. This process deals with the property of 
certain compoumls to assume new structural configurations. 

Examples: 




NH 


2 


Cartoii/fah'on. This process deals with the introduction of the 
—COOH group. The sodium salts of phenolic-type compounds are 
dried and subjected to the action of CO 2 and heat under pressure. 
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Examples: 



Coupling. Tliis process deals mainly with the preparation of azo 
dyes. Diazo- or diazoniuin-compouiids are cause<l to react with aro¬ 
matic amine or phenolic type compounds. 

Examples: 



A 
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Misccllant ous licaclion.'i: 

H • COONa Heat at 440 

H - COONa 


COONa 

I 

COONa 


+ H* 


CH^- C 




O 


O 


Ca 


O 


CH3 C ^ 


O 


CO + 2 Hg 

Cc H 12 O 5 

C2H4 + HOCl 


2C2HjiOH 


Distillation 


CHa* CO- CHg + CaCOa 


Catalytic 

Fermentation 


Addition 


— H 2 0 


CH3OH 

CalltOH + CO2 
CHgOH-CHaCl 


C 2 H 6 -O-C 2 HB 


CO + NaOH 
CO + CI2 


Pressure 
at ICO® 


Catalytic 


COCI2 


H-COONa 



Pyrolysis ^ 
(cracking) 



+ CtHi* + C 


Since it is almost impossible to list all of the organic compounds in use 
in industry today, the more important ones, with their scientific and 
common names, formulas, general methods of preparation, uses are ar¬ 
ranged, tabulated, and follow under the five headings noted below: 


Table 1.—Aliphatic Compounds. 
Table 2.—Benzene Derivatives. 
Table 3.—Naphthalene Derivatives. 
Table 4.—Anthracene Derivatives. 
Table 6.—Heterocyclic compounds. 
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A\n DYE INTERMEDIATE, 



£Ui>*]cnc glycol monoclhyl other 
mononretato 
CeUosolve acetate 
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4-AminoTn-toluenosuIfoiuc acid NH. ,, ~ —- 

HctiUnn o.tolui.lino acid Hulfato Pyrazoloiu- arul uzo dyes 
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Diohenylthiourea xnT_/ \ Passing the vapor of CS* into aniline Rubber accelerator, organic syn- 

Tliiocubanilide heated to 115* theses 
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TABLE III.—NAPHTHALEN'E DERIVATIVES 
The foUowmg chart* shows the position of entering substituents in the naphthalene ring 
_If a hydrogen atom in naphthalene is roplarwl 
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TABLE III.—XAPHTHALENE DERIVATIVES—Con/mucJ 
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TABLE IV.—ANTHRACENE DERIVATIVES 
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CITY GAS 
W. H. FVLWEILER 

Chemical Engineer, The United Gas Improvement Company, Philatklphia 


Classification. Tho industrial combustible gases in use at the present 
time may be divided into two general classes. First, those distributed to 
a relatively large number of consumers through street mains, atul those 
used primarily in industrial work and consumed at the point of manu¬ 
facture. The first cla.ss we will call city gas and it will include coal gas 
and coke oven gas when distributed by public service corporations: car- 
buretted water gas and its various admixtures with coal or coke oven 


gas and oil gxs Jis made on the Pacific coast. Tlie second class would 
include industrial gases such Jis producer gas, blue gas, the various gases 
made from oil as in the Pintsch or Blau process and hydrogen. There will 
also be included in the latter class oxygen and acetylene now widely 
used for cutting and welding. 

In this chapter we will consider city gas as above defined. 

Development. In the earlier days of the industry gas was employed 
primarily as an illuminant and was manufactured to meet illuminating 
value standards. At the present time, however, the use of the illuminating 
value as a me:isure of quality has been practically abandoned and the 
heating value has replaced it as a statutory standard. 

Many factors have contril)utcd to bring about this change, which was 
undoubtedly hastened by conditions brought about by the war, but prol>- 
ably the most important is the incrca-sing use of city gas for heating and 
indu-strial purposes. It is estimated at the present time that about 
25 per cent of the gas consumed is u.scd for illumination, 45 per cent for 
domestic fuel, and .30 per cent for industrial purposes. 

The earlier standard.s of heating value called for from 575 to 600 


B.T.U. per cubic foot. At the present time the tendency is toward lower 
values—i.e., from 500 to 535 B.T.U., while in England as low as 450 
B.T.U. is in use. 


Under the heating value standard the unavoidable variation in quality 
due to the presence of condensable hydrocarbons has been eliminated with 
a resulting increase in uniformity of quality that is of great importance 
in all industrial applications. 

The change from illuminating value standard to a heating value 
standard and the growing tendency to recognize the advantages of flexible 
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FIQ. 267.—General View of Coal Gas Plant from the I'nloading of Coal to Gas Holders. 









CITY GAS 



standards will be of inestimable benefit to the industo’ as a whole and 
will permit the consideration of many interesting and promising processes, 
methods of operation and new supplies of raw materials that were not 
available under the older standards. 

Under these new conditions the industry looks fon\-ard to a great 

technical development with a resulting expansion to greater fields of 
scr\dce. 

Tlie following statistics of the industry are quoted from the last census 


STATISTICS OF GAS INDUSTRY. 1929 
AM£iiirA.v Gas Association 


Private operating companies. 545 

Municipal plants. 51 


Population stTved. 58,581,000 Total &dos (M.C.F.). 524,100,000 

. 12,280,000 Ueveuue gas sales.. . 8532,872,000 

Customers. 12,139,000 

Miles of main. 107,500 

GAS FRODl^CED AND PURCHASED 


Carburetted water gas . 223,910,500 MCF. 

Coal gas . 45,516,000 “ 

Oilgas . 33,819,200 “ 

Coke oven gas produced . 48,814,000 “ 

Coke oven gas purchased . 118,159,400 “ 

Natural oil, still gas purchased . 108,085,300 “ 


Total. 

RAW MATERIALS 
Anthracite coal.. . 267,000 tons 

Bituminous coal. , 9,910,000 “ 

Coke and breeze .. 4,073,000 “ 

Petroleum oil_ 21,306,000 bbls. 


. 578,304,400 MCI'. 

BY-PRODUCTS SOLD 
Coke and breeze.. 6,125,000 tons 

Coal tar. 87,179,000 gals. 

Water gas and oil 

gas tar. 75,266,000 " 

Lightoils and drip. 19,276,000 " 

Ammonia. 13,009,000 lbs. 

Ammonium sul¬ 
phate. 92,687,000 “ 


Constituents of Illuminating Gas. Commercial ga.scs consist of mixt¬ 
ures, in varying proportions, of the gases or vapors whose characteristics 
arc shown in the table on the following page. 

In addition to the constituents shown in this table, there always 
exists in the crude gases, before purification, traces of ammonia and 
other organic compounds, but the above-mentioned constituents may 
be considered as those important to the industrial chemist. 
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The relative occurrence of the commoner constituents in some of the 
nianj- varieties of commercial gases is given in the table below. These 
typical analyses must not be considered as standards, but as rather express¬ 
ing the average composition of commercial samples obtained under certain 
conditions with the process mentioned. 


PROPERTIES OF THE IMPORTANT CONSTITUENTS OF COMMERCIAL 

GASES 1 


Name. 

Spcrifir 
CJravily, 

pvT 

Cvi.ft- 

l.bH. 

Sp*Tific 

lloAf inR 
Vnluo. 
B-T 

Cu.n. 

Heat of 
Formation 

por Lh. 

Air Itfquirod 
for Combnsiion. 

Fiat 
Flame 
Candle 
power 
Burned 
at 5 Cu.ft. 
per Hour. 

Cu.ft., 
pur Cu.lt 

per Lb. 

Benzol. 

2.695.1 

.20640 

. 37.54 

3700.3 

- 229.3' 

35.888 

13 313 

350-420 

Toluene. 

:i. 1792 

.24345 

1 

• . « . 1 

4448 7 

- 68.S 

43.065 

13,547, 


Xylene. 

3.6630 

.28050 

• 9 « 4 

5165 1 

+ 2.57,4 

53.240 

13.720 


Ethylene. 

. 9676 

.07410 

.4040 

1588.0 

- 174.2 

14.355 

14.830 

68.5 

IVopvlene. 

1 } 

111 15 

^ * 

2347.2 

+ 138.0 

21.533 

14.8:36 


Hiitvlenc. 

% 

1 9353 

.14820 

• • » » 

3099.2 

4* 342.0 

28.710 

14.836 


Hvdropon. 

. 0(592 

.00530 

3,4090 

326.2 


2.393 

34,624 


Carhon monoxide. 

.9671 

.07407 

. 2450 

323.5 

+ 1869.2 

2.093 

32.471 


Methane. 

. 5529 

. 04234 

. 5929 

1009.0 

+ 2435.0 

9.570 

17.312 

5.2 

Ethane. 

1.03(58 

.07940 

.7070 

1764.4 

+ 1713.6 

16.748 

16.156 

35.7 

Carl ion dioxulc.. . 

1.5195 

.116.37 

.2163 


+3979.1 




OxyRen. 

1.01.52 

.08463 

.2174 






Nitrogen. 

.9701 

.07429 

. 2438 






Air. 

1.0000 

.07658 

.2374 






Steam. 

.6217 

.04761 

.4805 


+6870.4 




Hydrogen sul¬ 








phide . 

1.1769 

.09012 

.2423 

072.2 

+250.9 

7.178 

6.111 


Ammonia. 

.5888 

.04509 

.5083 

432.8 

+ 1259.0 

3.589 

6.111 


Cyanogen. 

1.8000 

.13779 

.2015 

1238.2 

-2273.9 

9.570 

5.323 


Carbon disulphide 

2.6298 

.20139 

.1590 

1264.6 

-6160.0 

14.3.55 

5.466 



^ Tbo data ^ivcd arc calculated to GO^ F. and 30.0'' Barometer. 


The English units, i.c., pounds, Fahrenheit degrees, and feet, since they are custom¬ 
ary in the gus industry, are used in this chapter. 


In general then we may say that the commercial gases are mixtures of 
hydrocarbon vapors together with certain permanent gases produced by 
the pyrodecomposition and pyrosynthesis of the hydrocarbons comprising 
coal and oil, either alone or in the presence of air and steam. 

Manufacture of Coal Gas. Coal gas was the earliest manufactured gas 
to be used commercially and Murdock, who was probably the inventor, 
distilled coal in a simple iron pot over a fire, and this is still the basic 
principle of our present-day practice. 

To-day the bituminous coal is distilled in highly heated fire-clay or 
silica retorts. The retorts vary considerably in cross-section, length and 
method of heating. They are usually set in groups of from six to nine 
retorts in what is known as a “ bench,’’ and the group of ** benches ” 
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AVERAGE COMPOSITION OF COMMERCIAL G.VSES 


Coal Gas. 

*» <« 

Carburolted Water Gas. 


1 1 


Mixed Gas. 

Oil Gas—Par. Coast 
Producer Gas (C'oal). 

“ (Coke) 

IJlue Gas. 

Oil Giis—Pintsch. .. 


«i 


*« 


4 » 


Steel... 
Blau. . . 
Dayt<in. 
IlydroKcn—Oil 
■■ Steam 

Aectvlene. 

Oxygen. 


($ 


, lib. 

I CO, 

1 H 2 

t 

1 cii,. 


j CO, 

1 

Xt 

4 0 

8 5 

49 8 

29 5 

3 2 

1 G 

0 4 

3 2 

2,9 

7 3 

.50 9 

29 2 

0 0 

2 8 

0 S 

G 1 

13 3 

30 4 

.37.7 

10 0 

3.2 

3 0 

0 4 

2 1 ! 

9.8 

29.5 

.37 0 

114 

0 7 

5 9 

0 0 

4 5 

mm m 

t . 4 

21 4 

40 5 

IG 9 

0 5 

4 9 

0 8 

7.3 

4.5 

0 0 

52 5 

28.3 

0 0 

1 4 

0 2 

7.1 

.2 

17 G 

10 4 

G.3 

0 0 

7 3 

. t 

58.1 

0 

25.3 

13.2 

4 

0 0 

5 4 

.0 

55 2 

.0 

40.9 

50 8 

2 

0 0 

1 ^ ■* 

9 

3.0 

30.0 

0.1 

13.2 

45 0 

9.0 

' 0 2 

0 0 

l.G 

12 6 

10 


1 

14 0 

, liiRli 

cr par. 

aSins 

8,2 

38 4 

22. G 

G 

1 U 

0 G 

51 .9 

0.1 

2 7 

44 1 

0 0 

0 0 

0 0 

1 2 

15 9 

6.7 

2.3 

8.7 

0 0 

G 0 

0 1 

GO 3 

0 0 

2.3 

9i>.3 

1.2 

0 0 

0 0 

0 0 

0 2 

on 

0 2 

99.7 

0.0 

0 0 

0 0 

0 0 

0 1 

Q •> 

96 0 






0 s 

98 5 



1 



• * 4 « 

1 5 

1 

1 


- . . . 1 

« 

1 



■ 


B T U. 


622 

.5-11 

G-13 

o3S 

5.35 

579 

161 

1.37 

299 

1276 

1-102 
170-1 
500 
3:31 
326 
1.3.'0 


vao'ing with the capacity of the plant is known as the " stack." In a few 
of the older and sniailer plants the retorts are lieated by a direct fire of coke 
or coal, but in the more modern and larger plants they are heated with 
producer gas. These retorts may be set cither in a horizontal or inclined 
position. The object, however, in any case is to drive off the volatile 
matter which consists principally of gas. Other products are also elimi¬ 
nated, and will be considered in due course of time. 

Many other methods of carbonizing have been proposed and tried. 
These may be classed under three heads, viz.: (a) the use of internally 
heated vessels; (b) the use of a body of ignited coke; and (c) the use of 
hot g.'is as a heat carrier. 

Many patents liave been taken out and a great deal of o.\perimcntal 
work has been done in endeavoring to perfect processes that would utilize 
these principles, but in general they have failed to produce a gas that 
could commercially compete with that produced in the usual system 
of carbonizing the coal in an externally heated retort. The principal 
causes of their failure have been the time required for the complete dis- 
dillation of the coal and the poor quality of gas produced, duo, generally, 
to its decomposition in the presence of the high temperatures that were 
necessarily employed. 

With the present general use of the heating value standard and with 
the tendency towards lower heating values, interest has again been directed 
to processes using some of these principles with considerable promise of 
8ucce.ss. There is a great deal of work being done on what is known as 
complete carbonization, that is, the transformation of solid fuel in a single 
process entirely into gas and clinker. In the past, the low heating value 
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of the gas produced had prevented consideration of such a process and 
at the present time it is necessary to enrich the output of such processes. 

There are three general methods by which the distillation of coal in 
externally heated closed retorts is carried on: 

First, the use of relatively small charges of coal which do not com¬ 
pletely fill the enclosing retort, leaving a variable free space at the top. 
This woukl represent the usual horizontal or inclined retorts. 

Second, the use of relatively large thick charges of coal which do not 
completely fill the retort and leave a free space at the top, such as a chamber 
or coke oven. 

Third, the use of vertical retorts where the whole periphery is heated 
and filled with the charge, but there may or may not be a free space above 
the charge at the top of the retort. This type includes the various con¬ 
tinuous or intermittently charged vertical retorts and some of the modi¬ 
fications of the vertical coke oven. 

Fig. 268 is a sectional elevation of a bench of through ** nines.” 

The retorts in the stop end bench are of fire-clay or silica 9 ft. long of 
D section 16 by 26 ins. and are 3 ins. thick, in the through bench the retorts 
arc 20 ft. long. 

The retorts arc provided with an iron mouthpiece with a self-sealing 
door operated by a system of eccentric cams and levers. 

It will be noted that the stop end retorts have only one mouthpiece 
while the ” throughs ” have two, one at each end. 

From the mouthpiece the gas passes up through what is known as 
an ascension pipe to the bridge pipe and thence down through the dip pipe 
into the hydraulic main. 

When the benches are operated at very high temperatures to secure the 
maximum yield of gas, and especially with certain coals, the ascension 
bridge and dip pipes became choked with a hard carbonaceous deposit that 
is sometimes very difficult to remove. Removable covers are provided to 
so arrange that cleaning tools may be used to remove these deposits. 
Many schemes have been devised to remedy this difficulty. One consists 
in arranging three retorts in a vertical plane and using a single straight 
ascension, or as it is frequently called, stand pipe; this is then cleaned 
with a mechanically driven auger. Another device connects the retorts 
by a side connection with a large rectangular stand pipe provided with 
internal slide valves for each retort; and down which a stream of water 
or weak ammoniacal liquor is constantly circulated, being removed by a 
scaled overflow tank at the bottom. This latter device appears to entirely 
eliminate all difficulty from stoppage. 

The hydraulic main is now usually made of steel plate, is either round 
or “ D ” shaped and is filled to a fixed level with ammoniacal liquor so 
that the end of the dip pipes are sealed by the liquor, thus preventing 
the escape of the gas while the retort is being charged, and at the same 
time allowing the gas to freely enter the hydratilic main. 




Sectional El c vo t i o n 
HoriioAtol fhrouqh Retc 
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In the older instiillations tlie hydraulic main was usually continuous, 
running the entire length of the stack. This arrangement frequently 
gav(‘ trouble, due to uneven settling of the bench construction throwing 
it out of h'vel. In the later construction each bench has an individual 
small main. 

In many later plants an automatic device is used whereby the level of 
th<“ liipior in tlu' hydraulic main may be raised, thus sealing the dip pipes 
wh(‘n the ndorts are to be charged, or put out of service for any reason, 
d'hen by pulling a lever th(’ level is dropped below the dip pipes, thus put¬ 
ting the retorts in direct connection with the discharge pipes and 
eliminating the vibration set up by the passage of the gas through the 
water seal. 

Mechanical <levices are also in use for agitating the tar in the bottom 
of the hydraulic main, thus preventing the formation of pitchy deposits 
which are difficult to remove and which if not removed w’ould in time 
seriously ob.struct the operation of the main. 

From the hydraulic main the gas passes by means of a large pipe 
called the “ foul main ” to the condensing and purifying apparatus, which 
will be taken up later. 

The producer is provided with grate bars and cleaning doors and is 
charged with hot coke as it is drawn from the retorts through the charging 
door on the upper floor level. The primary air enters through regulating 
shutters at the front of the bench, passes around the lower waste gas 
flues and hence beneath the grate. Rising through the fuel it combines 
w'ith the carbon, forming producer gas. Steam is admitted beneath the 
grate to soften the clinkers and control their formation by lowering the 
temperature of the fuel bed. This is due to the endothermic nature of 
the reaction with the carbon of the fuel. Lately a process has been intro¬ 
duced in which a portion of the waste gases arc returned beneath the grate 
with the primary air. The endothermic reduction of the carbon dioxide 
and the diluting action of the nitrogen thus serve to control the fuel bed 
temperature. With certain coals this has not been successful. 

As the producer gas rises through the nostrils into the cennhuslion 
chamber it meets the secondary air which is admitted through regulating 
shutters below and at the front of the bench. The air travels through 
fire-brick ducts in what is known as the recuperator, where it passes hori¬ 
zontally to the right and left and upward and is heated by the waste 
gases to a temperature of from 1600® F. to 1800® F., practically attaining 
the temperature of the waste gases. 

As the combustion takes place the hot products of combustion rise 
around the retorts to the top of the combustion chamber and arc then 
drawn dowm and toward the front of the bench, where they enter the waste 
gas flues in the recuperator passing horizontally front and back and down¬ 
wards giving up their heat to the incoming secondary and primary air. 
The waste gases finally pass to the back of the bench and hence to the 
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Stack, the draft of which is controlled with a damper set at a convenient 
point in the recuperator. 

The temperature in the bench i.s regulated by a proper admission of 
primary air to the recuperator and by adjusting tlic secondary- air supply 
so that a sliglit exce.ss of oxygen is present in the waste gases (about 1.0 
per cent). The di.<tribution of the lieat is controlled by the slack draft 
which is usually .so r.'gulated that th<- pressure in the furnace is just at a 
balance. In tiie combustion cliarnlier the tem[)craturc's may varj' from 
2000® F. to 3200® F., Just above the nostrils to from 1900® F. to 2200® F. 
at the entrance to the recuperators. Where the products of combustion 
are u.sed under the grate instead of steam these temperatures will be several 



I'm. 2f»9,—The U. G. I. Intermittent Vertiad Hetorl System with Detached Producer 

arid Waste Heat lioilcr. 

hundred degrees lower. In the retorts the temperature will vary from 
1000® F. to 1800® F. 

In the older plants the coal was charged into the retorts with shovels 
hy hand and the coke withdrawm with iron rakes, but in the larger plants 
mechanical charging and discharging machines are used. 

In endeavoritig to reduce the lalx)r and cxpon.se of charging the coal 
and removing the coke the inclined type of bench was introduced. In 
this type the retorts are set at about 32 degrees to the horizontal. The coal 
is fed in at the top by gravity and since this is beyond the angle of repose 
for coke it will slide out of the retort at the bottom when set in motion 
after opening the lower lids- This type has not been u.sed very extensively 
in the United States, as the vertical type which gives excellent yields of 
gas and by-products, requires a minimum of operating labor and is very 
low in maintenance costa, is being more widely adopted. 
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Fip. 260 is an example of a modern American vertical retort bench. 

The coal from the oven head bin is charged into three retorts simul¬ 
taneously from a larrj' that permits weighing each charge. 

The bench is heated by producer gas from an external producer. 

Both the protlucer gas and the secondary air are measured by Venturi 
meters, thus pennitting very exact and efficient regulation of the com¬ 
bustion. 

There is an auxiliarj' hydraulic main at the bottom of the retorts in 
addition to the usual main at the top. 

The coke drops out of the retort, into a mechanically operated car 
so that with the use of mechanically operated doors manual labor is 
reduced to a minimum. From the shape and position of the charge it 
produces a better quality of gas and coke, the gas rising through the 
center of the charge thus being protected to some extent from contact 
with the hot sides of the retort. 

The simi>licity of operation has led to the introduction of continuous 
systems of carbonization in which the coal is fed in at the top and the 
coke withdrawn continuously at the bottom of the retort by appropriate 
mechanical devices. 

In an endeavor to still further reduce operating costs the carboniza¬ 
tion in large units has received considerable attention. Here the carboniz¬ 
ing chamber is enlarged to hold from three to eight tons of coal and is 
arranged horizontally, on an incline, or vertically. The Koppers Oven 
represents such a type. 

In the modern coke ovens the heating flues are so arranged as to prevent 
overheating the gas as it leaves the top of the oven. 

Where the maximum yield of gas is desired the coke ovens are now 
being fired with external producers utilizing small coke and breeze for fuel, 
thus permitting all the gas made to be available for sale and utilizing the 
unsalable coke sizes. 

The general tendency in the later installations has been in the direc¬ 
tion of carbonization in larger units. In the horizontal settings it has 
resulted in the more general use of “ through " retorts. The vertical 
retort setting with its larger charge, lower and easier labor of operation, 
and greatly improved yield of gas and residuals, and especially the quality 
of coke produced, has increased rapidly. Some experimental installations 
of large inclined chambers have been made and several coke ovens (modi¬ 
fied to avoid overheating the gas) have been put into operation. 

It will be noted that all of these forms are heated by producer gas, 
generated either in producers built as an integral part of the bench or 
in separate plants. The proper and efficient operation of a producer, and 
the maintaining of a uniform and effective temperature in the carbonizing 
chambers, are the important factors in successful bench operation. 

The advances that have been made in recent years in the efficiency 
of many of our manufacturing processes are based on the great advance 
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in our knowledge of the mechanism of combustion, and in the n*finements 
and methods for its accurate control. 

Tile important factors in the op(‘ratron of the produc<‘r are propiT 
regulation of the drafts and the admi.ssion at a uniform rale of the requisite 
quantities of primary and secondary air required in order that a suitable 
temperature may be maintained, and to insure the efficiency of tliis 
combustion the flue gases must contain a high percentage of carbon 
dioxide. Accurate commercial instruments are now available for the 
detennination and the control of all of these factors. 

The use of external producers has resulted in considerable saving of 
labor and more uniform bench operation and in a considerable saving in 
fuel due to the fact that unsalable sizes of coke can be used as fuel. 

Fig. 269 shows the installation of an external producer. The producer 
is fed mechanically from fuel stored in the overhead bin. 

The ashes are r<*moved continuously from the bottom and fall into a 
hopper for removal. 

The steam and air are metered and the gas analysis is recorded auto¬ 
matically. 

A large dust catcher is provided for cleaning the gas before it goes to 
the benches. 


While the use of external producers has not reduced verj' greatly the 
actual pounds of fuel u.scd p»*r ton of coal carbonized, in the case of the 
individual producers this was generally the liot coke as drawn from the 
retorts while the external producers have used cold coke, breeze, and 
other unsalable coke sizes, thus greatly increasing the pounds of salable 
coke per ton of coal carbonized. 

Modern individual producers will usually recpiirc from 300 to 350 lbs. 
per ton of hot coke, while external producers will operate on less than 
300 Ib.s. per ton of coke and breeze. 

Since the fuel and a.«h arc handled automatically, labor is reduced to 
inspection and the unifonn quality of gas produced results in vciy efficient 
heating of the benches which is reflected in their increased capacity and 
perfectly uniform and regular operation. In this figure is also shown a 
wastc-licat boiler connected between the bench and the stack. 

In a plant of 2,000,000 cu.ft. capacity such w’aste-heat boilers will 
generate about 150 B. H.P. 

Mechanical Coal and Coke Handling Devices. In the smaller plants 
the coal and coke are usually handled by hand in iron wagons known as 
“ buggies,^’ but with the increase in the size of the more modem plants 
mechanical methods soon became imperative not only on account of the 
difficulty and increased cost of obtaining the necessarj’ labor, but also on 
account of the enormous quantities of material to be handled, so that 
at present in the modem plants the coal and coke arc handled entirely 
by machinery, and almost automatically. 

Locomotive cranes arc frequently used for unloading from cars. 
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In handling coal from the crushers into the charging bins, belts or 
buc-ket conveyors are used, the belt type being preferred where the space 
is available. 

The hot coke from the retorts is now generally handled by mechanically 
operatetl cars running on rails beneath the retorts. Owing to the high 
maintenance costs of the push-plate tji^e of conveyors running in troughs 
partially filled with water. 

After the hot coke has been quenched it is usuallj' crushed and screened 
into several sizes and the breeze removed. 

The skip type of conveyors is frequentlj’^ employed for handling coke 
and ashes. 

In connection with the handling of oxide portable belt conveyors have 
proven quite valuable in expediting the work. 

The use of mehanical devices in charging the coal into the retorts 
and removing the coke has already been mentioned. 

Theory of Coal Carbonization. The earlier work of Mohler and 
Euchane showed that the reaction was slightlj" exothermic. More recent 
work, however, indicates that while the net heat quantity' involved— 
i.e., excluding sensible and latent heat effects, is so small as to be almost 
within the limit of experimental error, it was quite probable that at least 
in coke oven practice the reaction was endothermic. 

Apparently the primary reactions are endothermic up to 800® F. 
There is then an exothermic period followed possibly by an endo¬ 
thermic period, although English experimenters believe that above 
1200® F. the reaction again becomes exothermic. Apparently the net 
reaction heat is influenced by the nature of the coal and the method of 
treatment. 

The results of different experiments range from 350 B.T.U. per pound 
absorbed to the same amount given off. 

The fuel used in carrjdng out the process serves to start the distil¬ 
lation and supply the sensible heat that is carried off by the evolved 
products. 

From the heat balance that Is given in the table it will be noted that 
the heat given off by the reaction is but a small fraction of the total heat 
involved and may be neglected. 

I 4 

HEAT BALANCE WITH A REGENERATIVE BENCH 

Per 100 lbs. of Coal Carbonized 
Hbat Produced 


By combustion of coke. 180,553 B.T.U. 

By formation of volatile compounds. 52,637 “ 

Total heat evolved. 233,190 “ 
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Heat Absorbed 


As sensible and latent heat of flue gases. 68,734 B T U 

As sensible heat of gaseous vapors. 32,106 “ 

As sensible heat of coke. 43 148 “ 

As sensible heat of clinker. 1 803 “ 

By radiation. 4g 270 “ 

By formation of volatile compounds. 3,517 “ 

By decomposition of coal. 45,480 “ 


Total head absorbed 


233,190 


PERCENTAGE DISTRIBUTION OF HEAT LOSSES 


By flue gases. 25.20% 

By volatile compounds. 13.80 

By coke. 18.50 

- 57.50% 

By radiation. 20.70 

By fonnation of volatile compounds. 1.50 

By decomposition of coal. 19.50 

By clinker.80 


- 42,50% 


It is interesting to note in this connection that in the example quoted 
the fuel used was at the rate of 30.2 lbs. per thousand cubic feet of gas 
made, almost exactly what we would expect in the manufacture of car- 
buretted water gas where not only all the heat necessary for the reaction, 
but also about one-third of the total heat in the gas comes from the fuel. 

The general course of the distillation of coal is influenced by a number 
of factors and these may be summarized into the general statement that 
under any given condition of temperature and pressure it is the rate 
at which the heat penetrates the coal particles and the time that the 
gaseous vapors are exposed to its influence that determines the course 
and results of the distillation. 

The coal particles acquire the temperature of the retort by conduction, 
radiation, and from the passage of the heated vapors through the charge. 
The rate of carbonization toward the center of a charge has been estimated 
at from 1.0 to 1.5 inche.s per hour in horizontal retorts, 0.5 to O.OJnch 
in vertical retorts, and from 0.3 to 0.5 inch in coke ovens. The factors 
that influence the rapidity of heating are the available heat, head, the 
size of the coal particles and the moisture content. In general, in order 
to secure the maximum increase in temperature, the coal particles should 
be brought into intimate contact with the walls of the retort, and must 
provide a certain percentage of voids for the circulation of the heated gases, 
while an increase in the size of the coal particles up to a certain point 
generally yields improved results. 
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Gas Coal. In the manufacture of coal gas, coal with a high volatile 
content is generally preferred; that is, a coal belonging to the bituminous 
series according to the usual method of coal classification. 


COAL CLASSIFICATION—GRUNER 



CarboD. 

UydroKco. 

Oxygen. 

Dry coal; long flaming, non-coking. 

75-80 

4.5-5 5 

15 0-18.5 

Fat gas coal; porous, brittle coke. 

80-85 

5.0-5.8 

10.0-13.2 

Somi-fat furnace coal; good coke but porous... 

84-89 

5 0-5.5 

5.5-10.0 

Coking coal; best grade of coke. 

89-91 

4,5-5.5 

4.5-55 

I>oan and anthracite coals; non-coking. 

90-98 

3 0-4.5 

3.0-4.6 


These methods of classification vary somewhat, but usually depend 
either on the ratio of volatile combustible to fixed carbon, or upon the 
ratio of hydrogen to carbon, as determined by ultimate analysis. Such a 
classification is given in the table on the preceding page. 


PROXIMATE AND ULTIMATE ANALYSES OF GAS COALS 



PcnnjiyU 

vania. 

West 

Virginia. 

■ 9 « 

> irgiDia. 

Kentucky. 

llUnois. 

Oklahoma. 

Moisture. 

.71 

1.47 

1.43 

1.35 

6.67 

4.76 

Volatile combustible. 

34.50 

37.12 

35.39 

36.00 

33.51 

36.13 

Fixed carbon. 

58.18 

55.34 

60.59 

58.10 

53.29 

54.41 

Carbon. 

78.08 

78.69 

83.19 

80.00 

75.40 

77.32 

Hydrogen. 

5.15 

6.45 

5.28 

5.25 

4.88 

5.45 

Oxygen. 

7.69 

6.95 

7.05 

8.40 

10.56 

9.36 

Nitrogen. 

1.63 

1.69 

1.49 

1.30 

1.55 

1.65 

Sulphur. 

.94 

1.16 

.40 

.60 

.48 

1.32 

Ash. 

6 61 

6.07 

2.59 

4.55 

6.63 

4.90 

Heating value, B.T.U. 

14256 

14250 

14724 

14200 

12480 

13157 

Fusing point ash, ® F. 

2580* 

2280* 

2450* 

2340* 

2176* 

2250* 


In general, gas coals will have a volatile content of from 32 to 39 
per cent with less than 10 per cent of ash and not over 1.25 per cent of 
sulphur. An English criterion is that the volatile matter should have a 
heating value equal to 150 B.T.U. per per cent. In addition it should 
produce a satisfactory coke and the ash should not be too low in fusing 
temperature. 

While from a gas-making standpoint a high percentage of volatile 
matter is desirable, yet the composition of the volatile matter is of great 
importance. Experience has indicated that in general the newer mid¬ 
continent coals will yield less gas and of poorer quality than the older 
eastern coals with the same percentage of volatile matter. 

This is partially explained by the ultimate analysis where it will be 
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noted that the eastern coals are lower in oxygen than the mid-continent 
coals and, therefore have a higher available h 3 'drogcn—i.e., —^^,and 

generally increasing percentages of hydrogen results in a greater yield of 
gaseous products. 

On the other hand, increased percentages of oxygen lower the gas 
yield, give poorer tar, although possibly slightly increase the yield and 
gives gas of lower heating value. 

The presence of sulphur in coal is generally to be avoided as far as 
possible, yet its manner of occurrence is important in detennining whether 
it will be volatile and go ofT in the gas and have to be removed by purifica¬ 
tion or whether it will remain in the coke. The work of Parr and Powell in 
differentiating the fonns of sulphur as it occurs in the coal into organic, 
inorganic, and pyretic sulphur has been of great value in this connection. 
Where the coke is to be used for the manufacture of water gas, the compo¬ 
sition and fusing point of the ash is important, while in case it is to be 
used for foundry work, the absence of sulphur and phosphorus is 
essential. 

Chemical Theory of Coal Carbonization. First. There is a preliminary- 
decomposition which begins as soon as the coal has reached a temperature 
of from 650® to 750® F. At this stage the coal assumes a plastic state 
and this stage is strongly endothermic. 

Second. The products resulting from the fusion of the coal in the first 
stage and which consists largely of higher member of tlic aliphatic series 
suffer molecular rearrangement with the fonnation of a very complex set of 
hydrocarbons as exemplified by low-tcmpcraturc tar, while the gaseous 
products will be compounds containing probably not over three atoms 
of carlwn. 

Third. The gaseous vapors resulting from the second stage when 
evolved from the protecting influence of the coal particles are acted 
upon by the conducted and radiant heat of the more highly heated 
portions of the charge proper, of the sides of the containing retort and 
of the highly heated surfaces with which the vapors may come into con¬ 
tact. 

The reactions that take place during the third stage are very com¬ 
plicated and depend upon the temperature, time of contact and pressure. 
The influence of these factors are so intermingled that it is difficult to 
give each its true value as effecting the whole. 

There results from the distillation of coal three classes of products: 
gases—condensed watery solutions—condensible hydrocarbons and a 
carbonaceous residue. 

These products are known commercially as coal gas—ammoniacal 
liquor—coal tar and coke. The average distribution of the elements in 
the coal into these products with their analysis is given in the tables 
below: 
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COMPOSITION OF COKE 



Gorman. 

Knjtlisb. 

Fronch. 

American. 

( \‘irlK>n. 

84,70 

90.75 

84.35 

81 .34 

Ilvdroi^ofj. 

.90 

. 45 

.67 

.57 

Ow^un.1 

.34 

1.50 

1 .35 

2.40 

Xil . 

1.3S j 

1 20 

.40 

.89 

Suljiliur. 

93 

.60 

1.00 

1,04 

Ash. 

9 42 

5,50 

12.17 

13.76 

Aloisturc. 

2.27 





ELEMENTiUtY COMPOSITION OF COAL GAS 


Horiroatii). 

^ N'ertical, 

1 1 

ICokoOvcfts. 

1 

French Ifor.j 

Kaslifth Ilor. 

Carbon. 

. .. 53.67 

! 51.77 

51.95 

' 57.09 

58.62 

i Ivdrogen. 

. 21.04 

20.86 

19 15 

19.45 

22.37 

()xyg(Mi. 

. 16.43 

17.56 

13.05 

19.65 

L5.34 

Nilrogen. 

. 8,92 

9.81 

15.8:1 

! 

3.81 

3.05 


COMPOSITION OF CO.VL T.Ul 


A verime. 

llydraulio. 

; Scful'bcr. 

1 

Coticlenser. 

1 

Holder. 

Carbon. 

84 91 
9.65 
3.50\ 
1.60/ 
.34 

90.186 

4.848 

4.966 

89.91 

4.945 

6.279 

87.222 

5.499 

6.279 

85.183 
6.599 

9.218 

Hydrogen. 

Oxygen. 

Nitrogen. 

Sulphur. 



DISTRIBUTION OF COMPONENTS OF COAL BY DISTILLATION 


1 

Coal. 

Coke. 

Tar. 

Gas. 

Liquor. 

Ash. 

8.18 

8.18 




Moisture. 

4.34 




4.340 

Carbon. 

72.08 

56.453 

5.418 

10.209 

Hydrogen. 

4.78 

.446 

.378 

3.481 

.475 

Oxygen. 

8.73 

.909 

.504 

3.516 

3.800 

Nitrogen. 

.87 

.271 

.042 

.374 

.183 

Sulphur. 

1.02 

.712 


.308 







Totals. 

m 

67.071 

6.342 

17.888 

8.799 


We may summarize the principal operating results from different type) 
of carbonizing systems in the following table. 
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S>6ti*ni 

Ht)rix<>ntat 

I 

Wrtirab 

Coi)iinuf»u^ 

Coke 

OVCQB. 

H. 1.1 . ill ga-s for salo {xt [xhiikI of roiil. 
B.T.li. required for lientiiig fier lb. of | 

i 3205 

3320 1 

3;joo ^ 

1820 

coal. 1 

1920 ! 

1900 

2.500 

1290 

Tar yield gallons per net ton. 

(coke) 

(coke) 

(coke) 

1 (gas) 

12 2 

14 2 

12.0 

; 8.3 

Ammonia as sulphate iiourids per ton. . ' 

17 0 

24 4 

18.4 

1 24 0 

Coke for sale. p«>unds per ton. 

1000 

1005 

900 

1300 


If wc should express the ultimate composition of these products as 
complex molecules the decomposition of the coal might be represented 
by the following equation: 

C3.'i7H28lOj9 = C28oII;iijOs4'C'27ll2;j02 4-5C ioIl4 lOa-f- HIl^O. 

Coal Coke. Tar. Gas. Water. 

If the heats of combustion are calculated by the Dulong formula it ^\ill 
be found that the sum of the heats of combustion of the jiroducts is less 
by some 2.42 per cent than the heat of combustion of the coal, so that 
the reaction is exothermic by about 339 H.T.U. j)er pound of coal, which 
represents the heat liberated and thus lost during the distillation. 

The relative occurrence of the constituents of those products is in 
general dependent upon the complex reactions that take place in the 
third stage of the carbonization. As at the temperature of their forma¬ 
tion these products arc evolved as vapors, we may consider them together 
and later discuss the different products formed by condensation. 

The study of the mechanism of the coal carbonization has been greatly 
aided by the experimental work on the composition of the coal substance 
and the effect of varj'ing degrees of temperature on the coal itself and on 
the components separated principally by the use of organic solvents. In 
this manner two main fractions can be separated, the one probably related 
to the original cellulose and the other to the resinous constituents in the 
coal. These complex organic materials seem to correspond closely to the 
light tars or oils produced by the distillation of the coal at low temperatures 
and in a vacuum. They usually show a very large percentage of phenolic 
bodies together with a trace of aromatic hydrocarbons. When these 
oils are subjected to temperature sranging from 550® to 800® C. there is 
a progressive decomposition of the olchncs and higher paraffines and 
naphthenes and an increasing production of aromatic hydrocarbons. 

At the present time there arc three general viewpoints in connection 
with the formation of the aromatic hydrocarbons: 

(1) The formation of aromatic hydrocarbons proceeds through a pre¬ 
liminary decomposition of the large molecules and a subsequent building 
up. This point of view is held by Bone, Jones, and others. 

(2) The phenols are primary products and that these lose alkyl groups 
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and arc hydrogenated. This view was originally put forth by Schultz 
many years ago and is now supported by Fisher and Schrader, Morgan, 
Soule, and others. 

(3) That unsaturated naphthenes arc primarj' products and that the 
aromatics are fonned from these by the splitting off of hydrogen and 
alkyl grou])s. 

There has been a tendency to ascribe to the naphthenes an important 
part as intennediatc products in these secondary transformations, but it 
appears more likely in view of our present knowledge that probably the 
higher members of the olefine series are of great importance, in view of 
the fact that the naphthenes appear to break down at somewhat lower 
temp(Tatur('.s than those at which practice indicates the maximum forma¬ 
tion of aromatic hydrocarbons taking place. 

If we assume that the product of the first two stages in the carboniza¬ 
tion may bo typified by the tar protluced by low temperature distillation, 
we would have paraffines, naphthenes, higher olefines, phenols as principal 
products; when these products are subjected to increasing temperatures 
we probably have reactions similar to all three of the previous theories 
taking place at the same time with the result that with increasing tempera¬ 
tures above that necessary to form the primary products—i.e., 650® to 
750® F. 

At the lower temperatures, olefines, paraffines, and unsaturated hydro¬ 
carbons predominate. As the temperature is increased, paraffine hydro¬ 
carbons disappear and the unsaturated hydrocarbons diminish and the 
higher horaologs of benzol appear. With increasing temperature, the 
lower homologs of benzol become more important. With further increas¬ 
ing temperature, benzol becomes the important homolog and the higher 
aromatic compounds, such as naphthalene and, later, anthracene, begin 
to increase. 

These complicated reactions are reflected in the gas by showing a 
decreasing percentage of illuminants (benzene homologs and olefines up to 
butylene), decreasing ethane, and increasing methane and hydrogen. 

While the results given above are from experimental data, the tables 
on the following page will give the results of actual conditions in carbon¬ 
izing as affecting the composition of the gas, tar and coke at different 
periods of the distillation and under different temperature conditions. 

The effect of the proper and regulated amount of superheating is 
well shown by the superior results obtained with the American type of 
vertical retorts which are not completely filled, and the upper 4 to 5 ft. of 
the retort acts as a fixing chamber as against the German type in which 
the retort is completely filled and no fixing surface exists. 

It will be noted that as the temperature rises and the time of exposure 
increases (due to the small make of gas) the change and the character of 
the products closely follows the directions that the experimental investi¬ 
gations have predicted, i.e., the gradual decrease in the olefines and ethane 
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RESULTS OF DIFFERENT CARBONIZING TEMPERATURES 


Tccuper&ture. 

1 SOO’ F. 

1 

1000® F 

» 

I 3 200'>F 

• 

1 UOO® F. 

Yield, cubic feet per pound. . . 

I 

.409 

1 233 

2 319 

3.001 

CandJe power. 


19 7 
24.29 

IS 9 

43 .38 

10 0 

57 0 

Candle feet. 


B.T.U. 

52.3 

G51 

745 

02(5 

Tar, gallons per ton. 

12 0 

23 8 

22 4 

28 (5 

Coke, per cent. 

78 8 

(59 5 

07.8 

06 95 

Volatiles in coke.... i 

22.04 

13,00 

7.97 

5 S8 

Ammonia, pounds per ton. 

-.37 

1.47 

2 29 

3 71 

Oils. 

6 00 

5.85 

5 75 

4 r)0 

CO. 

4 00 

4 90 

4 70 

7 30 


19 (>U 

22.03 

32 13 

39 70 

CH,. 

18.45 

30.78 

3(5.53 

37 30 

CjHi. 

8,02 

7.84 

8 27 

1 00 

CO,. 

7.80 

0 00 

3.45 

3 20 


.GO 

.30 

1.20 

1 35 


3.5 47 

23.23 

1 

7.97 

5 05 


and the increase in the methane and hydrogen. It must be remembered 
in studj’ing these results that the doubling of the volunie of hydrogen 
as it is given off tends to mask the volumetric relations of the other hydro¬ 
carbons whose volume is not doubled and in some cases results in a con¬ 
traction of volume. 

Low-temperature Distillation. Within recent years increasing amount 
of attention has been given to the possibility of the production of li<|uid 
hydrocarbons by the distillation of coal at low temperatures. A very 
large amount of work has been done and at the present time there arc 
three or four processes operating or about to operate on a large scale. 

Due to the fact that both the coke and oils that are produced arc 
different from the products of high temperature distillation, it is difficult 
to predict the commercial success of these processes until time will have 
determined whether they should l>c considered from the view^point of 
having coke as a main product and the gas and oil as by-products or 
whether the oil should be considered the main product. 

The coke is soft, and will probably require briquetting. These proco.sses 
expect to produce up to 23 gals, of tar per ton. Such tar is characterized 
by its high percentage of paraffine and naphthene hydrocarbons and tar 
acids. 

The pressure at which these reactions take place has a considerable 
influence on the products formed. Owing to the permeability of the 
retorts if too low a pressure is maintained, furnace gases will be drawn 
in, which would seriously lower the heating value, while on the other 
hand an excessive pressure, by retarding the evolution of the gas, tends 
to result in excessive decomposition and in the formation of graphitic 
carbon. Experience points generally to a balanced pressure just equal to 
that of the atmosphere, and it should be maintained as nearly constant 
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a.s possible. This latter condition is probably best insured by the use of 
retort liouse governors. 

It will be noted from the foregoing that the gas obtained from a pound 
of coal and its heating value depends upon a number of factors, viz., 
the coal, the system of carbonization employed, the temperature in the 
retorts, and several other conditions. 


VARIATIONS DURING DISTILL.VTION 

^■l.|{TU•AL Retouts 


Ilourd after Charj^ing. 

, Nl 

2<l 

i 3d 

4th 1 

5th 

0th 

7th 

S,ih 

9th 


T' 

C 

% 

% 

>c 

% 

. r 

% 

1 

> f* 

' Vo 

Proportion of vicltl. 

,10 8 

14 1 

13 0 

119 

11.7 

'll 2 

9,6 

0.5 

5.2 

Caiuitc power. 

20 7 

20.2 1 

19 5 1 

1 

17.9 

15 0 

12.9 

8.1 

1.9 


Heat inK ^■uhu• ill B.’l'.U. 

701 

705 

707 

078 

j 025 

597 

542 

440 

400 

Aminoiiia, j:riiiiis jiit UKIfu.ft. 

.'>40 

440 

380 

250 

! 250 

250 

130 

70 

40 

IIjS, pains per 100 cu.ft. 

r)10 

470 1 

430 

: 295 

285 

200 

180 

100 

50 

IlLs. 

8 0.5 

8.00 

7.70 

5.00' 4.10 

3 00 

2.80 

80 

.30 

CO. 

8.90 

1 7.20 

; 8.40 

8.00 

7.05 

1 8.00, 7.70 

; 7 ro 

0 30 

H, . 

rm ss i ^ 

n7 Aiiiux wn 

CII 4 . 

;38.4,5 .39 00 

141..30 42.00 39.00 37.40 

'27.00 20,70 

V ‘V 

18.00 

CMU. 

Z (H) 

2 70 

1 70 

1 30 

1 





c:o,. 

1.95 

2 .85 

2.40 

2.20 

1 

: 1.95 

2 50 

1.80 

1.90 

2,70 

0 ,. 

.40 

.20 

.20 

.15 

.55 

.20 

.30 

1 .30 

.80 

N,. 

l.OO 

1 . 0.5 

1.50 

1.15 

2 GO 

1.90 

2.00 

1.80 

2.50 


A standard gas coal should produce from 3000 to 3400 B.T.U. per 
pound (B.T.U. x yield); this is somewhat affected by the tj'pe of carboniz¬ 
ing apparatus used, the verticals and through horizontals giving the highest 
results, while coke ovens give somewhat lower figures. 

In addition to the other gases which have been considered, there are 
present ammonia, cyanogen, hydrogen sulphide, naphthalene, carbon 
disulphide and traces of some other organic sulphur compounds that need 
not be considered. The ammonia and hydrogen sulphide both appear 
early in the distillation, soon reach their maximum and then decline, the 
ammonia somewhat faster than the hydrogen sulphide. The cyanogen 
and carbon disulphide on the other hand gradually increase as the tem¬ 
perature rises. 

There seems to be some connection between the proportion of ammonia 
and cyanogen which has been explained by the probable reaction: 

/2CN+3H2 

NH3< 

^N2 H-3H2 

The critical temperatures of maximum yield seem to be about 850® to 
900® F. for ammonia and from 1650® to 1750® F. for cyanogen. When the 
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temperature rises above 1800® F., these gases seem to be decomposed into 
their elements. 

The yield of atninonia and cyanogen is naturally dependent upon the 
amount of nitrogen present in the coal, but i.s apparently more affected 
by the system of carbonization. Generally with the higher temperatures 
the jield of ammonia is decreased while the cyanogen increases, but this 
is not always the case, the ammonia and cyanogen sometimes varying in 
the same direction. It will be noted from tlie following table that the 
horizontal retorts yield less ammonia than either the vertical retorts 
or tljc coke ovens. 



Jforizotilut 

Vorticu]. 

Coke Ovenj- 

1 

Xitrcj^cn in Coal. 

i -•> , 0 1 

\ :n% 

1 29% 

Animoni.i, a-s NHj ptT ton . 

4 

0 1 * 

6.8* 

Cyanogen, aa C.X per Ion. .. 

2 4* 

1 .2* 

I 0* 


The ratio and quantity of hydrogen sulphide and carbon disulphide 
seems to vary not only with the temperature but also with the method 
of carbonization a.s the vertical retorts apparently yield le.ss fixed sulphur 
compounds than the horizontal retorts and probably more hydrogen 
sulphide. In general the total sulphur compounds in the gas increase 
with the sulplmr in the coal, but a table below shows how the sulphur 
is distributed ^ith some American coals when tested in horizontal retorts. 


RELATION OF 8ULPHUR IN COAL AND COKE TO HYDROGEN 

SCLPHIDE AND SULPHUR COMPOUNDS 





G raj nil per 

too Cu. Ft. 

Coni. 

Sulphur in 
Cottl. 

Sulphur IQ 
Coke. 

- ---- 





livdroicen SuU 

Sulphur 




pmile III (jan. 

Com|>ouu<J8. 

Equality. 

(1.70% 

2.27% 

2190 

45 51 

Marian.... 

2.39 

2.38 

955 

30.00 

Montana. 

1.G4 

1.53 

735 

45 30 

C’artcreville. 

1 59 

1.28 

010 

40.45 

Gaston. 

1.35 

1.15 

702 

05.23 

big Muddy. . 

1.21 

.82 

340 

17.42 

^ougliiogheny. 

1.01 

.93 

420 

17.28 

Eamiington. 

.96 

• S-l 

400 

18.04 

McAlliater. 

.94 

.00 

200 

12.00 


Naphthalene is an impurity that may give rise to great trouble in the 
distribution system if not removed from the gas. While small amounts 
may be formed at relatively low temperatures the excessive formation is 
due to high temperatures in the retort. 

Vertical retorts form very little naphthalene averaging about 2 lbs. 
per ton, coke ovens will give about 6 lbs., while horizontal retorts at high 
temperatures may give over 11 lbs. per ton of coal. 
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Tlio conditions povcrning the formation are such that, except for the 
clioice of apparat\is, efficient operation must result in the formation of 
some najjlithalene tliat must be removed by proper treatment. 

Coal Tar. In addition to the gaseous hydrocarbons formed during 
the third stage of the carbonization, the very complex mixture of ring 
hydrocarbons and their derivatives having boiling-points considerably 
above (hat of water are fonned and condensed into what is known as 
tar. Tlie table below gives a comparison of the distillation of a num¬ 
ber of samples from the tlifferent methods of carbonization. 

I'lns shows the variation in the character of the hydrocarbons that 
are fonned with the increasing time of distillation and increase in tem¬ 
perature. The increasing gravity and the higher fixed carbon content 
tlenote the increasing complexity of the hydrocarbons formed. 

Tile yield of tar varies with the coal and other carbonizing conditions. 
It generally decreases w’ith higher temperatures and an increased yield of 
gas. 



Low Tcm» 
prrftturc. 

Continuous 

Verticals. 

Intermittent 

Verticals. 

Uohiontal 

Retorts. 

Coke 

Ovens. 

Spocific Kravily 25* C. 

1.07 

1.15 

1.08 

1.25 

1.18 

Frre Carlioii. 

0-7% 

12.07o 

3.8% 

24.0% 

6.7% 

Tar acids. 

13.7% 

6.8 

10.3 

2.5 

1.5 

Sulphonation residue. 

17.5% 

3.2 

2.6 

0.8 

0.3 

Coke. 

21 . 0 % 

31.0 

20.0 

46.0 

21.0 

Napbthaleue. 

None 

0.09 

0.03 

0.32 

0.71 

Distillation: 




1 

1 


Oil to 210* C. 

15% 

27o 

6% 

1% 

1% 

“ 235* C. 

20 

7 

15 

6 

10 

" “ 270* C. 

33 

15 

28 

12 

20 

“ “ 315* C. 

50 

22 

36 

18 

29 

“ “ 355* C. 

65 

33 

1 

50 

29 

40 


With the low-temperature processes the yield of tar may reach 23 gals, 
per ton; with vertical retorts, from 12 to 15 gals; horizontal retorts, 
9 to 13 gals., while from coke ovens it will be from 6 to 9 gals. 

The utilization of coal has given rise to an industry that is increasing 
in importance; this is treated more fully in Chapter XXVI. 

Coke. The character and amount of coke or the carbonaceous residue 
that remains in the retorts after the distillation is dependent upon the 
coal used, the process of carbonization, and the temperatures employed. 

The cause of the coking tendency of coke has been extensively studied 
and appears to be related to the presence of the so-called ” resenic ” com¬ 
ponent as determined by solvents. Generally, coals containing more 
than 10 per cent of oxygens seem deficient in coking properties. 

A great deal of study has been given to the admixture of different coals 
in order to produce better grades of coke. 
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The character of the coke is also affected by the rapidity of tlie car¬ 
bonization. 

In ordinary retorts where coals high in volatile matter are used and 
the time is short, say, 4 to 5 hours, the coke is quite soft and {)orons. 
As the time of carbonization increases and the charge is enlarged the coke 
becomes denser and harder and more metallic in appearance. In the coke 
oven where the coking time may extend to 18 or 24 hours tlie coke becomes 
suitable for foundry purposes, while in the beehive oven where the time 
may be lengthened to 72 hours the densest and hardest grades are produced. 

In some of the metallurgical applications the size of the coke is of 
importance and this is determined by the size of the charge in the carljoniz- 
ing ve.ssel, as the coke on cooling develops radial crocks outward from tlie 
center so that the “ fingers ” will be approximately half the smallest 
dimensions of the charge. 

The percentage of fi.xed carbon in the coal practically fixes the per¬ 
centage of coke yield, yet this is affected slightly by the system of car¬ 
bonizing; the vertical retorts yielding a slightly higher percentage than 
the horizontal retorts while with the coke ovens there is a consiilerable 
increase; in this case, however, the increased yield of coke seems to bo 
at the expense of the tar. 

The table below of analyses of the coke from the different processes 
shows clearly the above variation in physical characteristics. 


COMPARATIVE COKE ANALYSES 



Bcc^Hive Ovc&j. 

Uctori Coke 
Ovona. 

Vrr(icA) Retort. 

Horirnoial 

Hclort. 

Moisture. 

.35 

1.25 

1 35 

2.57 

Volatile compounds. 

.34 

1.61 

1.73 

3.84 

Fixed carbon. 

92.69 

86.06 

87.40 

86.0.5 

Asli. 

6.89 

10.48 

9.52 

7,54 

Sulphur. 

.74 

.77 

.99 

.96 

Real gravity. 

1.83 

1.90 

1.82 

1 73 

Per cent of coke. 

62.07 

49.49 

59.25 

53.89 

Per cent of cells. 

47.93 

50.51 

40.75 

46.11 


Crude Coal Gas. As the crude coal gas leaves the retort.s and is 
brought into contact with the liquid in the hydraulic main, It deposits a 
portion of the higher boiling hydrocarbon vapors as tar and some of the 
ammonia is absorbed, due to the faU in temperature and becomes partially 
saturated with water-vapor tests indicating from 60 to 95 per cent 
saturation. 

The crude gas leaves the hydraulic main at a temperature of from 
130® to 150® F., and contains a number of impurities—tar, ammonia sul¬ 
phuretted hydrogen, organic sulphur compounds, naphthalene and cyano¬ 
gen—which must be removed in whole or in part before the gas is con- 
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sidcred ready for distribution, and, furthermore, the gas must be brought 
down to the ordinary' temperature. Tlie average content of the impurities 
in the crude coal gas is given below. 


IMPURITIES IN CRUDE COAL GAS 


t rikpHnty 

IVrccntAg<* by Volume. 

Grains per 100 Cu. Ft. 

Hydrogen suifiindo. 

.4 -16 

250-1000 sometimt’s 3000 

Aintnonin. 

.48 -1.26 

150—100 occasionally 550 

Cvanogon. 

.0.'> - .135 

25-65 

Orsanic sulphur. 

.0085- .046 

12-65 

Nni)hthalf'nc. 

0H4 - .210 

200-500 


Condensers. When the gas leaves the hydraulic main it contains 
in addition to the impurities just mentioned a very complex mixture 
of hydrocarbons of widely varying boiling points, in addition to the water 
vapor with which it is partially saturated. Some of the hydrocarbons 
arc fixed gases at the ordinarj'^ temi)eratures while the others may be 
vapors, liquids, or solids; while practically all are mutually soluble in 
each other and to some extent in water. 

Under the illuminating value standards under which the industry 
operated for so many years, the essential object to be attained during con¬ 
densation was to retain as far as possible all of the vapors of the benzol 
homologs while removing the heavier hydrocarbons such as naphthalene, 
tar vapor on account of the interference of these heavier materials with the 
succeeding stages of the purifjdng system or with the distribution of the 
gas. With the heating value standard at present in force, the percentage 
of hydrocarbons is somewhat lower and the heating value is not nearly 
as susceptible to slight changes in the vapor composition as is the illuminat¬ 
ing value. On this account, the condensation of the gas is very much 
simplified and the main object to be attained at the present time is to 
secure the maximum removal of tar and naphthalene from the gas and 
to reduce its temperature in the most economical and efficient manner. 

The work to be done in condensation is primarily the removal of the 
latent and sensible heat of the water vapor carried by the crude gas, the 
sensible heat of the tar and the gas itself, being very small. 

If the gas left the hydraulic main at 140® F. saturated with water the 
total heat above 60® F. would be about 16,300 B.T.U. per M, measured 
at 60®, made up as follows: 


Gas. 1,600 B.T.U. 

Tar. 1,700 ** 

Water. 13,000 “ 


The importance of the percentage saturation of the gas is evident. 
If it could be reduced to 60 per cent, there would be 32 per cent less heat 
to be removed in the condensers. 
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Naphthalene Scrubbers. In mhlition to mnoxiri}; tlio tar it is vcrv 
desiral>l<' to nMiiove as much of the naphthahaio as j)()ssil)|c duritij; iho 



I’r.- 270.—Wa-slic-r Scrubbi i. 


condensation. Thi.s takes place principally by the solution of the naph¬ 
thalene in the cotideiisinj; tar vapors and fog and while there i.s tlteoretic- 



Fio. 271.—Two-pass Water Tube Condenser. 































ally sufficicMit tar to tako up all but a iicglipiblo amount of naphthalene, 
yrt tlic tiiiu' factor is apparently too short to permit the naphthalene in 
the j:as to coin(‘ into eijuilibriurn with tlie tar so that only a portion ol 
the najihthah'ne is nanovtal. 

<Opinion is (lividod as to the best system of securing the most efficient 
ro>ult'-. One system makes use of tubiiltir condensers arranged to secure 



I'k;. 272.—Rcrubbor Condensers. The gas 
is cooled t)y direct c(nitact with cooled 
water or ammonia Uc|uur. 


high velocities of both gas and 
w’atcr to drop the temperature and 
then completes the removal of the 
tar by tar extractors of the P. & A. 
or static type. While tlie other 
system lowt'rs the temperature 
and removes the tar and some 
of the ammonia by iut(‘nsively 
scrubbing the crude gas w'ith 
ammonia liquor Miat is sprayed 
in relatively large quantities 
against a rising stream of gas m 
grid-filletl towers. The hot liquor 
is coolc<l in cooling coils with 
water or with refrigerating coils. 
The tar is removed as it collects 
and the liquor returned to the 
system which is a closed one to 
prevent loss of ammonia. Small 
traces of tar are removed by a 
washer scrubber and the ammonia 
is removed by countercurrent 
washing in a system of four or 
five towers with water. Fig. 270 


is an outline of this system. 

Condensers. Tlic tubular condensers used in the first system are now 
being so designed tliat very high velocities are secured both of the gas and 
water; some of these are arranged so that the gas makes four passes in 
one shell. Fig. 271 is a type with a double pass. 

In the scrubber condenser system (Fig. 272) the condenser consists 
of one or more towers relatively narrow and high and packed with wooden 
grids, 5 in. by 6 in. deep spaced ^ in. apart. In this way a relatively 
largo surface covered with the cooling liquor is exposed to the gas and 
the gas velocities can be greatly increased, thus improving very greatly the 
efficiency of the apparatus. 


Tar Extractors. Some tar usually remains in the gas after the con¬ 
densers and this is removed with some form of tar extractors. 



Fig. 273 is a P. & A. tar extractor, which consists of a drum composed 
a scries of perforated sheets consisting of alternate series of small holes 
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and blanks so arranfied that the blank spaces in one set of sheets opposes 
the perforated sections in the adjoining sheets. Another form of apparatus 
(Fig. 208), is known as the 
washer-scnibber. In t!)is, 
the gas passes tlirough a 
number of small openings 
into contact with ammonia 
liquor, the action of the 
water causing the tar par¬ 
ticles to coalesce and be 
condensed. 

Exhauster. The position 
of the e.xhaustcr is varied 
somewhat in different ar¬ 
rangements of the purifying 
s)rstems, but is generally lo¬ 
cated after the conden.'<ers, to 
take advantage of the smaller 
volume of gas to be handled, 
and before the scrubbers. 

The function of the ex¬ 
hauster is to maintain a 
uniform pressure on the re¬ 
torts by removing the gas as 
fast as it i.s generated. 

The positiv'c displacement type of exhauster is shown in Fig. 274, wliilc 
in Fig. 275 is shown the centrifugal type. One advantage of the centrifugal 
tyiK* of exhauster is (he fact that it will remove small traces of tar. 



1ST AND 20 
PLATLS 


Fio. 273.—I*. & A. Titr Extractor. 



Fio. 274.—Outline of Condensation and Purification Using Scrubber Condensers. 


As the make of gas varies from minute to minute various forms of 
governors are employed to maintain uniform pressure conditions. 

The governor may vary the power supply to the cxliauster, operate on 
a by-pass, or in some installations the governor is located at the retort 
house and varies the opening to the foul main. 
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Scrubber. IVoin the oxhau.stcr the pas passes into the one or more 
of a series of scrubbers for the removal of naphthalene, cyanogen, and 



Fk;. 275.—Centrifugal Exhauster. 


ammonia. Four general types are in use, tower, static, rotary, and 
centrifugal. 

The tower scrubber was the original form and consists of one or more 
steel towers filled with various materials, to break up the upward stream 



I'l !. 270.—Rotary Ammonia or Naphthalene Scrubber. 


of gas and to increase the surface covered with the scrubbing liquid that 
is sprayed in at the top and passes downward by gravity. Coke quartz, 
various forms of wooden trays, boards set on edge, etc., have been used 
for this purpose. This type of scrubber is the least efficient considering 
its cubical capacity but is fairly efficient if built quite high per square foot 
of ground space required. In the static type the gas is forced to pass in 
contact and bubble through the scrubbing liquid by a series of partitions 
arranged across the flow of gas in a rectangular containing vessel. 
Another series of divisions permits the level of the scrubbing liquid to be 
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related in the various compartments tlius formed so that the most 
efficient depth of seal may Ik* maintaiiK'd. 

l-ig. 270 is a sectional elevation of the rotarv or meehanical tvm* of 
scrubber. 

These are composed of liorizontal cylinders divided by a iiund>er of 

vertical partitions. A central shaft carries a disk made up of a large 

number of short wooden ro<ls set parallel to tlie axis of the shaft, and 

arranged .so that as they revolve they dip into the contents of the scrubber, 

and on rising present a large wctteil surface in contact with the stream of 
gas. 

The centrifugal type of scnibber is of more recent development. Fig. 
277 is a Field type. In these the scrubbing licphd in descending from one 
compartment to another is thrown into 


a sheet of spray by the action of the 
revolving cones attached to the central 
shaft. The gas is forcctl to pass through 
this spray a number of times in ri.sing 
through the apparatus. 

For the removal of naphthalene the 
tower, static, or rotary scrublxjrs are 
used, and tar oil, gas oil, or water gas 
tar is u.sed as the scrubbing liquid. 

In the removal of cyanogen either 
the rotary or centrifugal scrubber is 
employcfl. 

The .solutions used vary according to 
the processes employed, but they usu¬ 
ally consist of an alkaline solution of 
ferrous sulphate. The gas now passes 
to the ammonia scrubbers. In order 
that the absorption of ammonia by 
water, which is usually u.sed to remove 
it, will l>e complete, it is necessar>' 
that the temperature of the gas be 
reduced to about 60® F. 



Fnj. 277.—Field Ceuirifugal .Scrubber. 


This reduction is made in the first set of condensers where the scrubber 
condenser system is used or in a secondary condcn.ser where the tubular 
condenser system is employed. 


The final removal of the ammonia is carried out by scrubbing with 
water in either a mechanical scrubbcT, as in Fig. 276 or Fig. 277, or in a 
series of small relatively high towers arranged so that the gas is passed 
countercurrent to the absorbing water, as shown in outline in Fig. 270. 
The scrubbing liquid which in the first tower is water is circulated at a 
high rate by small centrifugal pumps and in passing from tower to tower 
increases in strength to about 1.8 per cent NH 3 . 
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In modem equipment tlic ammonia is reduced to less than 1 grain 
per lot) cu.ft. by using from 10 to 15 gals, per ton of coal. 

There is some removal of hydrogen sulphide and carbon dioxide by 
the action of the ammonia liquor. 

Ammonia Liquor. The ammonia liquor and tar that are removed in 
the different points in the con<lcnsing and p\irifying system are collected 
and passed tlirough what is known as a separator. In this apparatus, 
the stream of mixed liquor in passing through the separator is bafhed 
and turned in its course a number of times, so that the tar which has a 
specific gravity of 1.2. and higher, falls to the bottom and may be 
removed, while the liquor rises to the top and may be pumped off to the 
ammonia storage tanks. See Fig. 278. 

number of processes have been invented for the extraction of the 
ammoiiia from the heated gases and the diiect formation of ammonium 

sulphate; among these are 
the Otto, Collin, Koppers, 
and Feld. 

In the Otto the gases 
are cooled with air to a 
temperature of 200° F. 
and then with a tar spray 
to about 160° F. The 
spraying with tar which 
takes place in two stages 
is utilized to remove the 
greater portion of the tar 
Fiu. 278.—Tar Separator. vapors, the gas is then 

scrubbed with a modified 
P. <fe A. extractor and is then passed into the lead-lined saturator, w’here it 
comes in contact with sulphuric acid heated to 165° F. This is necessary 
to prevent the deposition of the water vapor carried in the gas; after leaving 
the saturator, the gas passes through a baffle chamber to remove acid 
spray. 

In the Collin process the gas, after passing through the usual conden¬ 
sers and P. & A. extractor, is cooled to about 75° F. and then passes 
to the upper of two saturators, where the acid is kept in excess. The 
overflow from the upper saturator passes to the lower saturator into which 
is passed the ammonia gas driven off from the liquor condenser in the 
preliminary water cooler. One of the objects obtained in this system is 
the elimination of certain amount of H 2 S, HCN, etc., that are combined 
with the ammonia liquor, as the exit gases from the second saturator 
pass directly to the air. 

Purifiers. The sulphuretted hydrogen is generally removed by passing 
it through large vessels, called purifiers, Figs. 279 and 280, where it is 
brought into contact with some form of ferric oxide. There is considerable 
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discussion as to tlie exact reactions wliich take place. The prohahle 
reactions are 

Fe203 + 3H2S = Fe2S:j+3H20 

anti Fe203+3Il2S = 2FcS+S+3Il20. 

It scorns likely that these two reactions take place simultaneously, and 
the proportions of ferric and ferrous sulphide formed are deiKuident 



Fio. 279.—Water-scaled Purifier, Shallow Type. 


Upon the nature of the oxide and the other eondition.s. It is said to he 
in the relation of three parts ferric to five parts ferrous sulphide. When 
the oxide has become saturated it is removed from the purifiers and expo.sed 
to the air, where, under the influence of the atmospheric oxygen, ferric 
oxide is formed and free sulphur set free. 

In order to take advantage of this reaction, small quantities of air 
are sometimes admitted to the crude gas before entering the purifiers, 
the oxygen in which reacts with the partially fouled purifying material, 
and thus considerably increases the length of time before it is necessary 
to remove it. 

In some plants the oxide is revivified while in place by circulating 
through the box, air or a gas mixture containing at first a very small per¬ 
centage of free oxygen, the heat given off in the revivification is removed 
by cooling usually with a water spray so that the purifier is thoroughly 
saturated with water vapor; as the revivification proceeds the amount of 
oxygen is allowed to increase. In this manner under very careful operat¬ 
ing control it is possible to increase the sulphur in the oxide up to 40 
per cent without removing it from the purifying vessel. With certain 
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cla.sscs of oxide it is oxcccdingjly difficult to carry this out without danger 
of local supci licatiiig taking place with a resulting rise in temperature of the 
oxide (o such a point that the oxide is destroyed. 



Tio. 2S0.-—Dry-seal Purifier. Deep Cheese-box Type. 


The purifying material is composed of either a natural ferric oxide 
or, as is generally the case, made by coating shavings, planer chips or corn 
cobs witli some fonn of ferric oxide. 

The efficiency of the purifying material thus made seems to depend 
upon the nature of the ferric oxide; the more active oxides are apparently 
colloidal in nature. Where the oxide is made by rusting iron borings on 
the chips tiie organic acids in the wood act as protective colloids and result 
in the formation of varjdng percentages of the iron in the colloidal form. 

Certain natural oxides and some of the artificial oxides that result 
as bj'-products in the manufacture of alums are found to have a con¬ 
siderable proportion of their iron content in the form of a hydrogel of 
ferric hydroxide. Apparently it is the enormous surface that is presented 
by these collodial oxides that explains the increased chemical efficiency 
of oxides in this state. 

Study of the efficiency of different type of oxide has indicated a con¬ 
siderable difference in the rate at which they will absorb hydrogen sulphide 
and especially the completeness with which small traces will be absorbed. 
Where large purifying area is available the slower-acting oxides can be 
used quite efficiently but where the pumping area is relatively small the 
more active oxides must be used for the efficient removal of the last traces 
of hydrogen sulphide. 

In the older type of purifiers the oxide was contained in shallow cast- 
iron boxes provided with water sealed lids, the oxide being carried on 
wooden trays in two layers of about 30 ins. each. These boxes were 
arranged usually in sets of four or six, and so connected with valves that 
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the sequence of boxes could be varied at will, and any box could be removed 
from ser\dce for cleaning. 

It has now Ijeen found more economical to put the oxide into only 
two or three large boxes, building these either of steel or concrete out 
of doors, and thus saving expensive buildings. 

Widely divergent views are held as to whether it i.s the time of con¬ 
tact, the velocity of flow, or the total volume of the oxide in u.se that 
is the determining factor in calculating tho apparatus neccssarv for the 
purification of the gas. It is usually e.^tiinatcd, however, that with the 

use of a slow velocity a certain total volume of purifying material is 
required. 

The economical volume of oxide and its uses are functions of the 
capital cfiarges for instullation and the cost of changing and r<‘vivifvinc 
tlie fouled oxide. 

In the older type of purifiers, using a number of boxes of relatively 
large area, with layers of oxide from 3 to 5 ft. in depth, it was usually 
assumed that 1 sq.ft, of area in a box would purif^'^ about l.'iUO cu.ft. 
of coal g^ per 24 hours. At present, the tendency is to concentrate 
the oxide in tw'o or three large circular boxes where the oxide is 10 to 15 ft. 

deep. Here the usual allowance is about 300 cu.ft. of gas [wr cubic foot 
of oxide per 2*4 hours. 

In testing the operation of the purifiers, we find that the fii^t box 
removes the greater portion of the hydrogen sulphide, and that as tlie 
percentage of sulphur decreases it becomes increasingly difficult to remove 
it. The purifiers are usually arranged, therefore, so that at least one 
box is kept filled with fresh and active oxide to retain slight traces of 
sulphuretted hydrogen which might pass through the other boxes which 
remove the bulk of the impurity. 

With the repeated revivifications of the oxide, free sulphur accumulates 
to such a point (40 to 50 per cent) that it mechanically coats the iron, 
so that the efficiency of the oxide is greatly reduced. 

The older and more inefficient forms of oxide require from ten to twenty 
revivifications before they are saturated while the later colloidal oxides 
require from three to five. 

Wlien the cyanogen is not removed it combines with some of the 
iron, fonning Prussian blue; this takes place at the surface, and further 
reduces the efficiency of the oxide. 

Very recently a system of liquid purification has been introduced by 
the Koppers Ck)mpany that is giving very successful results. 

The gas is scrubbed with a weak solution of sodium carbonate, from 
2 to 3 per cent, using from 60 to 80 gals, per thousand in a tower filled with 
coke tile or wooden grids. By this solution the hydrogen sulphide and 
cyanogen and carbon dioxide combine with the sodium carbonate. This 
foul solution is then regenerated or actified by blowing it into a scrubber 
with a strong blast of air. The aerifying scrubber has about 20 per cent 
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raore filling than the absorber and about 3 to 5 times as much air is used 
than the volume of gas originally scrubbed. Under the influence of the 
air the reactions are reversed. 

The volume of air used is varied to some extent to lower the concentra¬ 
tion of the II 2 S in the outlet of the process in order to reduce the possibility 
of nuisance. The air is discharged from a liigh stack to secure diffusion. 

The process is designed to remove 90 per cent of the H 2 S and about 
the same amount of IICN. It apparently has little effect on the fixed 
sulphur compounds. 

In addition to the above normal reactions other side reactions take 
place with the formation of sodium thiosulphate and sodium sulphocyanide 
so that a portion of the sodium ion present goes into these inactive salts 
and must be replaced by fresh soda. Water must also be added to make 
up for that vaporized in the actifier. 

The consumption of soda will probably not exceed 0.10 per cent per 
pound of H 2 S removed. 

The sodium thiosulphate and sulphocyanide are both very soluble in 
water but they gradually increase to a point where the bicarbonate is 
precipitated. It is then necessary to discard some of the solution. 

In a Koppers installation with a rated capacity of 10,000,000 cu.ft. per 
day, the top of the tower, which is 20 ft. in diameter, is used as the absorber 
and contains 12 ft. of nut coke. The solution is sprayed in at the top and 
after absorbing the hydrogen sulphide falls by gravity through sprays into 
the actifier, which is the lower portion of the tower and contains 14 ft. of 
coke. The air used for actification is blown in at the base bf the actifier 
and passes through the coke and then out through a steel stack 3 ft. 6 ins. 
in diameter whih passes through the absorber and extends to a height of 
75 ft. above the base. 

The actified solutions from the base of the actifier passes into a sump 
from which it is circulated again by the pump. The air used for actifica¬ 
tion is furnished by fan blowers at a pressure of 6 ins. of water. 

The only difficulty with the process is the disposal of the actifier air. 
Even when sufficient air is used to bring the H 2 S down to 50 grains per 
100 cu.ft. complaints have resulted from the odor and in some plants 
arrangements are made to use the air under the boilers and through the 
water gas apparatus. 

When the gas was formerly purified with slaked lime, partially sul¬ 
phided lime reacted with the organic sulphur compounds, and thus removed 
a considerable portion of them. With the present almost universal use of 
iron oxide, however, a much smaller proportion of the organic sulphur is 
taken out. The small percentage that is removed is undoubtedly due to 
its solvent action on the free sulphur present in the purifying materials. 
A number of processes have been proposed for the removal of organic 
sulphur, but in general they have not proven very successful. 

One of the most successful processes for the removal of carbon bisulphide 
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is that worked out by Carpenter and ICvans in the South Metropolitan 

this proc-es.s the g;is is heated to lemi)eratu're 
/oO h. and is then passed throu^li externally lieated tubes containing 
firt-clay shapes saturated with a nickel salt. The carbon bisulphide 
combines with the hydrogen present in forming two mole<Miles of 
hydrogen sulphide and settling free carbon. 

On the Pacihe coast tlie Hall and Papst proces.s is u.«ed to some extent 
This consists in heating the gas internally. Heater vessel filled witli 
checker brick to a temperature of 1300® and IGOO® F. This is claimed 
to cause a small loss in candle-power and results in reduction of aliout 
70 i)er cent of carbon disulphide to Ib.S. 


Another process recently patented is based on tlie reaction of carbon 
bisulphide witJi water vapor at approximately 450® F. in the presence of 
colloidal ferric hydroxide. In this process the carbon bisulphide forms 
hydrogen sulphide and carbon dioxide. I^xperiments have indicated it 
IS po&sible to reduce the fixed sulphur compounds to a minimum of 8 or 
9 grams per 100 cu.ft. This minimum seems to Ijc indci>cndent of the 
original fixed sulphur compounds present and api>ears to indicate that in 
a^ldition to the carlwn bisulpliide appreciable amounts of the other organic 
sulphur comiwunds are present such as morcaptans, thiophenes, etc. 
rrorn 3 to 4 grains per 100 cu.ft. of a sulphur comi)ound resembling tlie 
morcaptans have Iwen isolated by experiments. The u.se of aniline in 
combination of metallic oxide that has been propo.'jcd for removing carbon 
bisulphide would probably give trouble, as it has been found tliat volatile 
compounds are formed by the gas in the presence of aniline and oxide 
that are deposited in burners, pilot tubes, etc. 

Benzol Enrichment. Wlicre coke oven gas is supplied for distribution 

as city gas, the heating value is subject to considerable fluctuation and 

where it is distributed without admi.xture with carburetted water gas, 

it is necessary to have some means of enriching the gas to the required 

heating value. For tliis purpo.se benzol vapor is very convenient and 
satisfactory. 

Theoretically, coal gas should Ixj able to carr>' about 3.5 per cent by 
volume of benzol vapor at 32® F., as coal gas usually contains from 0.5 to 
1.0 per cent, it would carry an addition of, say, 2.5 to 3 per cent of vapor 

and this would correspond to an increase in heating value of 93 
to ISO B.T.U. 


Practically, however, it is difficult to secure an increa.se of much over 
75 B.T.U. This is due to the varying composition and vapor tension 
of the components of the commercial benzol used and to the vapors 
already present in the gas. 

Tlie heating value of the benzol used for enrichment averages about 
17,000 B.T.U. per pound and it will weigh 7.3 lbs. per gallon, giving from 
124,000 to 125,000 B.T.U. per gallon, or one gallon per thousand should 
give 125 B.T.U. per cubic foot increase. It is frequently difficult to carry 
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over 100 to no B.T.U. per gallon, as some of the hydrocarbons are 
<lopositO(l in the mains and tlrips. 

The hoiizol used for enriching purposes is usually a “ crude 90 per cent ” 
benzol and will have the following distillation: 

First drop. 70 to 78° C. 

80° C. 2 to 5% 

90° C. 50 to 70% 

100° C. 85 to 90% 

Dry. 145 to 165° C. 

The amount distilling up to 80° should be as low as possible as it will 
generally bo high in sulphur ami a high dry point is disadvantageous as it 
will give trouble in the vaporizer and lower the efficiency. 

The benzol is vaporized by passing over steam coils in a cast-iron vessel. 
In some cases live steam is atkled to as.sist in carrying the vapors into tlie 
main wlicre it is mixed with the gas, but better results are generally 
obtained by passing a small fraction of the gas at higher pressure through 
the vaporizer and using this to carry the vapors into the main steam. 
The vaporizer should be located as close to the main as possible. 

Water Gas. The manufacture of water gas depends upon the decom¬ 
position of steam b^’ the action of incandescent carbon. The gas made 
by this reaction is called “ blue gas,” and while it has a heating value 
of about 300 B.T.U. per cubic foot, it is non-luminous. In order to render 
the flame luminous it is necessary to add some hydrocarbon that will 
liberate free carbon in the flame. [Many earl}'^ patents were taken out 
to do this, but the process did not become important until the Pennsyl¬ 
vania petroleums became commercially available. 

The modern apparatus is the development of the Lowe apparatus 
that was patented in 1872-1875. In its present form it is a very efficient 
process, as every feature has been considered both from a theoretical 
and operative standpoint. The supply of air and steam is metered. 
The temperatures in the fixing chambers are controlled automatically by 
electric pyrometers and the sensible heat in the off-going blast and illumi¬ 
nating gases is recovered in greater part in economizer boilers that return 
sufficient steam to operate the plant, and the air, steam, and oil valves 
that control the operation of the apparatus are all automatically manipu¬ 
lated in predetermined cycles. 

Fig. 281 shows a modern set of the cone-top type. In this apparatus 
the generator is 11 ft. 0 in. diameter by 17 ft. 4 ins. high. The carburetter 
is 9 ft. 0 in diameter by 17 ft. 4 ins., superheater is 10 ft. 0 in. by 28 ft. 
6 ins. The wash-box is 10 ft. 0 in. diameter by 5 ft. 4 ins. Automatic 
operation and temperature control are provided. Such a set will have a 
capacity of 3,600,000 cu.ft. per day with good fuel. 

Operation. The operation of water-gas apparatus is as follows: 

The generator is charged with fuel through the coaling door at the top. 
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Aftor ifinition it is raised to iucandoseenco l)y an air blast beneath the 
gratp. The air is supplied at a pressure of from 30 to -10 ins. of water 
and is metered by a \'enturi meter. 



I'lu. 261. Modcrti Coin-top Carhiirc-t tt-tl Wuici Gjls Apparatus with Aut<jm:ilic 

Control. 


In passing through the fuel he«i we liave the reaction 0 + 02 = 002 
and ('0;j + (' = 2C0. Tlic teruiMTalure of tlie fu(?l bed ri.ses rapidly and 
producer gas is formed. Tlie protlucts pa.ss out of the lop of the generator 
through a hot valve into the carburetter. 

Tlie carburetter is a firc-bri(+-lined vessel filled with checker brick 
and provided witli an oil spray at the top for admitting oil. 

In the connection between the generator and carburetter is a blast 
connection so tliat tlie producer ga.s from the generator can be burned in 
the carburetter, thus raising its temperature to that re<iuired for the 
process. From the l)ottoin of tlie carburetter the products pass up 
through the superheater and out through tlie stack valve to tlie stack. 
The superheater is filled with checker brick and is .soniewlmt higher than 
the carburetter. Air may l>e admitted at the btise of the sii|XTheater if 
required. At the top of the suiicrhcatcr is a large connectiou to the wash- 
box. 
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When tlic carburettor and superheater have been brought to the 
desired teinpcratiirc the air blast, the superheater, carburetter, and gen¬ 
erator arc cut off in the order named. The stack valve is closed and the 
steam is admitted through a meter beneath the grate of the generator. 
When the steam passes up through the hot fuel it is partially decomposed, 
forming blue water gas in accordance with the reaction C-f H20 = C0-1-H2 
and the general water gas reaction C0-|-H20 = C02-f Ho. 

The hot water gas passes into the carburetter where it meets the 
enricliing oil, wliich is passed through a meter under pressure and then 
through a spray in the top of the carburetter. The sensible heat of the 
water gas and the high temperature in the surface of the checker bricks 
vaporize the oil. The mixture of water gas and oil vapors then passes down 
through the carburetter, where the vaporization is completed, a consider¬ 
able portion of the vapors decomposed and to some extent polymerized 
into fixed gases. Passing from tlie base of the carburetter up through 
the superheater, the temperature of the checker brick of which is very 
carefully regulated, the decomposition of the oil vapors is carried to 
the most advantageous point, and the resulting mixture is composed of 
fixed gases, some condensible vapoi-s and a small quantity of complex 
hydrocarbons, known as water-gas tar. 

Those pass out through the connection to the stack valve, through the 
dip-pipe into the wash-box, which acts as a hydraulic seal and prevents 
both the escape of the products of combustion during the blasting period 
and the return of the illuminating gases. In contact with the water 
in the wash-box, the temperature of the gas is reduced from 1200° or 1300° 
F. to about 190° by the vaporization of the water, and some of the tar 
is deposited. The gases pass out of the wash-box through the scrubbing 
and condensing apparatus to the relief holder. 

The operation is a cyclical one. The first portion or heating-up period 
is known as the “ blow ” and the latter portion or “ making period ” is 
known as the “ run.” 

At the end of the run the oil is shut off and after the set is cleared 
of oil vapors and steam, the stack valve is opened and the “ blow ” is 
commenced. 

The relative length of the run and blow is determined by the quality 
of gas to be made and the fuel used. There is a tendency to reduce the 
length of the cycle as far as possible and with automatic operation the 
blow may be from 2 to 2.3 minutes and the run from 3 to 4 minutes. 

In order better to control the condition of the fire the generator is 
equipped with valved connections so that during the run the steam may be 
put into at the top and pass down through the generator then up through 
the connection to the carburetter. This is known as a “ down ” run. 

The relative proportion of » up ” and down ” runs is determined 
by the character of the fuel, principally its tendency to clinker. 

The generator is usually charged with fuel every hotir and depending 
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upon the ash m the fuel flie apparatus is shut, down and tlie clinker removed 
from the generator once to three times a day. Tl.e removal of the clink<>r 
IS arduous work and many experimcfits liavo l)een made with mechanical 
grates designetl to remove the clinker continually. Some recent desiLms 
ai)|x-ar to give promise of having solved tlie problem. 

\’ery recently two variations in the usual lucthod of o,x-ration have 
hcen intro,luced, the “Back Run” ami the “(ienerator Down Hun.” 

In the “Back Hun “ process a valved connection is made from the bot- 
orn of he generator to the wash-box; the reveme connection between the 
top and bottom of the generator and the top hot valve are removed and a 
valve 1 .S put in between the top of the superheater and the wa<h-box 

In oiKTation, during the blow the valve on the back run connection to 
wash-box js closed. 

All of the oil is introduced during the 6rst portion of the run that is 

made “up.” The oil and bottom steam are then shut off; the back run 

valve IS ojicned and the valve betw'cen the sui^erheater and wassh-box is 
closed. ■ 


Steam is then introduced at the top of the sur)crhoater and pa.s.ses down 
and up through the carburetter, becoming superheated, then down through 
tlie generator making the “down” portion of the run. 

Ihe blue gas thus made passes through tlic back run connection to the 
wasli-box. 

_ By operating in this manner a saving of 3 to 4 pounds of generator fuel 
IS secured, but about O.I gal. more oil is required. Apparently this saving 
IS partially due to the heat that would be taken from the carburetting 
vessels by the eold blue gas on the “down” run and to the action of 
the sup(?rheated steam. 

In the “Generator Down Run” .system the top hot valve and lx)ttom 
hot valve are retained but the connection between thorn is removed and 
the bottom hot valve is connected to the wash-box. 

During the blow the top hot valve is oixsn and the bottom hot valve is 
clo.scd. 


The oil is introduced as in the “Back Run” process during the firet 
of “up” portion of the run. 

During tlie “down” portion of the run the top hot valve is closed and 
the Ixittom valve opened, the steam Ijeing introduced at the top of the 
generator above the fire. 

A slightly smaller saving of generator fuel is obtained with tin's system 
than with the “Back Run” but the oil results are better due to the fact 
that the carburetter and superheater are not cooled by the “down” 
Bteam. This also results in a saving in the air required during the blow. 
The relative economies of the two systems will naturally depend upon the 
prices for generator fuel dnd oil. 

An important change in operating methods that has recently been intro¬ 
duced is the use of bituminous coal instead of coke in the generators. 
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The impellinR reason was the higli cost of coke in tlie middle western 
states and the low cost of bituminous coal. When bituminous coal is used 
alone the capacity of tlie apparatus is considerably reduced, but by using 
some coke, depending upon the character of the coal practically the 
standard capacity of the set can he obtained, together with an actual 
rediKdion in the total generator fuel. 

When goorl grades of gas coal are used very successful results are 
now being obtained with 80 per cent coal, 20 per cent coke, maintaining 
the same capacity as with coke and securing satisfactorj' oil results. 

Apparently in oix'iating with bituminous coal the active portion of the 
fuel bcii is an annular ring around the circumference so that the smaller 
size generators give better results than the larger ones. 

This observation has been utilized in what is known as the “Pier” 
process of utilizing bituminous coal. 

In this system a solid cylindrical pier of refractory material is built 
on the grate of the generator of such a diameter that the annular ring of 
fuel thus formed varies from 26 ins. in width in the smaller generators to 
36 ins. in the larger sizes. 

This permits the u.sc of all bituminous coal with about 90 per cent of 
capacity of the generator with coke. 

An important feature in connection with the use of bituminous coal is 
the use of the so-called blow-run. About fifteen seconds before the close 
of the blow the carburetter air is shut off and the stack valve is closed, thus 
sending the rich producer gas into the make gas. 

The use of the automatic control of the set operation has contributed 
largely to the increasing efficiency of water-gas operation as it permits the 
use of very short and precise cycles that cannot be obtained by manual 
operation. Fig. 282 shows one of the latest models of the automatic control. 

In this apparatus there are two shafts that are revolved by means of 
an electric motor through a cone gear at any desired rate to give the 
cycle of operation—i.e., 3-4-5-6-7 minutes. One shaft controls the 
operation of the blow and the other controls the operation of the run. 
These two are geared so that their zero point which always coincides is 
the point at which the stock valve is opened or closed. All the other 
operations can be adjusted by means of clutches shown as two dials in 
the print of the apparatus, so that they may take place at any desired 
point in the cycle. 

By means of these adjustable cams, pawls are operated which engage 
rocking arras that open or close the desired hydraulic valves that control 
the actual apparatus. By cutting off the electric current the machine 

automatically comes into the ** off ** position, so distant control is readily 
provided. 

The temperature in the fixing vessels is automatically controlled by 
cutting off the blast if the temperature is too high or continuing it until 
the proper point is reached. The automatic control not only does every- 
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thinf' that a man could do, Imt dues it faster and lias the advantai'o of not 
forpettinp. 

In the more modern plants the greater portion of sensil.ie heat of both 
the blast products and tite illuniitiatinp pa- is recovered and inad<‘ avail- 



loo. 282.—Automatic Control for the Operation of Carhiireltod Water Gas or Blue 

Wator Giis Apparatus. 


able as steam by the einftloyment of wa.ste licat Itoilers, Fip. 283 sliows 
Kuch an installation. 'I’lic apparatus con.si.st.s of two fire-tulx* lioilers and 
a steam drum. The lower boiler i.s u.sc‘<l for the illuniinatinp pu.s and the 
upper boiler is used for the hla.st ptises. In operation the usual stack 
valve is closed and the gases enter tlie rear of the boilers and pass toward 
the front. In the case of the illuniinatinp gases thence down through 
an auxiliary wa-^ih-box to the left of the regular wjish-lxix and hence to the 
scrubbers and condensers. 
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The bhxst gases pass upward after passing through the upper boilers 
and then to an auxiliary stack and stack valve to the air. 

By the use of tlicsc boilers the temperature of the exit gases is reduced 
to 4{)()° F., thus affecting a considerable saving in condensing water, and 
steam ecjuivalcnt to G5-S5 lbs. is generated. 



In summer this is practically sufficient to operate the plant while 
the generating apparatus is in operation. 

Fuel Used. The fuels used in the manufacture of water gas are 
anthracite and bituminous coal and the various grades of coke. The use 
of anthracite is rapidly decreasing, owing to its cost, and the use of bitu¬ 
minous coal is rapidly increasing, and promises to supplant a considerable 
proportion of the coke. 

The principal requirement of all fuels is that the ash should be low, 
so that excessive amounts of clinker will not be formed and that the 
fusing point should not be too low, so that the clinker can be con¬ 
trolled or that it be too high, as such fuels cause clinker to form in the 
upper part of the fuel bed that are difficult to remove and must be cut 
off with bars from the coaling door. From 2300® to 2460® F. would 
appear to give the most satisfactory operation. 

Enriching Oils. The oils available for enriching purposes vary in 
their composition in the different fields. The oils from Pennsylvania, 
Ohio, Indiana, and Illinois are composed principally of the paraffine 
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and olefine scries; tlie oils from Kansas and Indian Territory differ some¬ 
what according to their gravity, the lighter oils containing considerable 
paraffine while the heavier oils contain some paraffines, but principally 
naphthenes. The Texas oils contain almost no paraffine, but contain 
a considerable proportion of complex hydrogenated ring compounds; they 
are made up of members of the C„H 2 b -2 and C„H 2«-4 series. The’ Cali¬ 
fornia oils arc made up almost entirely of complex ring compounds. The 
Louisiana oils vary with their gravity, some resembling Texas and others 
the California oils. 

The crude Mexican oils generally contain too large a proportion of 
asphalt to permit their use as enriching agents. Some of the distillates 
apparently contain a very higli percentage of paraffine hydrocarbons while 
others contain a very low percentage, and contain such a high percentage of 
aromatic and olefine hydrocarbons that they are of rather low value for 
enriching purposes. 

While distillate gas oil usually contains less than 1 per cent of coke 
the heavier residual oil will generally contain from 3 to 5 per cent for mid¬ 
continent, and gulf coast reduced crudes to as high as 14 per cent in the 
heavier Mexican fuel oils. 

When the coke content is above 3 per cent it begins to affect the opera¬ 
tion of the carburetter by covering the checker brick with a carbonaceous 
coating. This coke deposit is apparently quite sticky at one stage in its 
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forniation as it colloois the ash anti fuel dust blown over from the generator 
aiul fills up the interstices in the checkering, giving rise to back pressure 
and poor oil efiiciency. 

In order to permit the use of these high coke oils without the necessity 
of frequent cleaning of checker brick a novel method known as the “ empty 
carburetter ” has been developed. All the checker brick are removed 
from the carburetter and about two feet of extra bricks are added to the 
top of the superheater. In order to break up the oil and secure proper 
vaporization in the carburetter the oil is injected at very high pressure 
from 100 to 1200 lbs. per square inch through atomizing sprays. 

This system permits the use of oil of any coke content. Some coke is 
deposited in the bottom of the carburetter and is raked out from time to 
time through the bottom door. 

With the introduction of “ cracking ” processes for increasing the yield 
of gasoline in the refining of petroleum, the character of the gas oils available 
for enrichment has changed considerably. The paraffine content is con¬ 
siderably reduced and the proportion of aromatic and olefine content is 
greatly increased so that the enriching value is greatly decreased. 

The following table gives some of the physical characteristics of a 
number of enriching oils that are at present in use in the United States. 


CHARACTERISTICS OF GAS OILS 


Field. 

Vtk. and W.Va. 

Kaiuoa. 

Oklahoma. 

Mexican. 

Indian Ter. 

Specific gravity. 

.8470 

.8540 

.8667 

.8550 

.8811 

Refractive index. 

1.4073 

1.4782 

1.4830 

1.4792 

1.4892 

Coke. % by wt. 

.31 

.27 

.35 

.19 

.66 

Maximum fraction... 

600-650* F. 

600-650* F. 

550-600“F. 

550-600* F. 

550-600"F. 

Percentage by vol.... 

58.6 

25.1 

38.2 

14.8 

30.0 

Specific refraction... 

.5454 

.5553 

.5577 

.5533 

.5559 

Hydrogen. 

14.10% 

13,39% 

12.86% 

12.58% 

11.81% 

Bromine number.... 

5.3 

10 1 

13.0 

15.5 

1 

25.3 


As enriching agents it seems that the paraffines are the most valuable, 
with the presence of double carbon linkages and rings reducing the effi¬ 
ciency. Where ring compounds are present, however, the more fully 
hydrogenated are the more valuable. 

The yield of tar on gasification is an indication of the presence or 
absence of complex hydrocarbons in the oil. In the oils from Pennsyl¬ 
vania it will run from 8 to 10 per cent of the oil, while the Texas and 
California oils will yield from 15 to 18 per cent, denoting the presence of 
complex ring and asphaltic compounds. 

The reactions involved in the formation of oil gas have received very 
extensive study during the past few years with particular reference to the 
possibility of increasing the production of low-boiling hydrocarbons, such 
as benzene, toluene, and gasoline. As a result of this study we have 
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acquired a considerable amount of data rcgardinc tlie Rciieral course of 
the reactions and the most favorable temperatures for emphasizing the 
production of certain constituents. 

In general, however, the reaction involved following much Ihe ^aine 

h^r.es as those occurring during the laUer stage of the carbonization of coal 

The principal difference being that in the niamifacturing of carhuretted 

water gas the temperatures involved and the time of contact is under 

mucli more exact control, in this connection, it may be noted there 

is a consideralile larger proportion of toluene to lienzene and a 

smaller proportion of naphthalene fonned than in the maimfucturc of 
coal gas. 

The use of a small laboratory' apparatus for the studv of the behavior 
of Kas oil lias been of ^reat service in pi-edicting the probable usefulness of 
the oil for carburettinj; purposes, while considerable advance has been made 
in chemical methods looking to tlie determination of analytical constants 
that will pennit predicting useful qualities. 

The products formed with increasing temperatures seem to follow 
in general the reactions that wen- dbcu.ssed under the <listi.lation of 

coal; the illurninants decrease and the hydrogen increastjs while the 
paraffines remain about stationarj’. 


EFFECT OF TE.MPEILVTURE ON DECOMPOSITION OF OIL 


Tempfrftturo. 

C. 

per Gal 
Cu Kt. 

Tar. 

Per ccDt. 

Coke. 

Por cent. 

Olefines. 

1 Per cent. 

Paraffines. 
Per cent. 

711 

50,4 

28.0 

l 83 

38.0 

48 0 1 

741 

Cl.5 

29.4 

2 43 

33.8 

48 3 

761 

C3.7 

20 2 

3.63 

31.3 

50 3 

789 

G8.0 

24.2 

3,45 

25 0 

49 2 

832 

80.3 

11.9 

12 43 

13 1 

47.0 


V: 


iroRfn 
i’er Cent. 


11.1 

14.1 
13.5 

19.1 
33.0 


The influence of the high partial pressure of the hydrogen is especially 
marked in the fonnation of carhuretted water gas, a.s the blue gas contains 
nearly 50 per cent of hydrogen. The hydrogen inhibits the decom¬ 
position of the primary products and the splitting off of more hydrogen 
which unites with the complex residues resulting in a higher percentage 
of olefines, somewhat less gas and more tar. The table on page 770 
shows the composition of oil gas at a given temperature, and the calcu¬ 
lated and obser\'ed mixtures of oil and blue gas. 

With heating value standards we find that the maximum efficiencies 
expressed at B.T.U. in gas per gallon of oil used, are obtained at somewhat 
higher fixing temperatures than those giving the maximum illuminating 

values, and that the maximum is quite flat for a considerable temperature 
range. 


Fig. 284 gives the data obtained on several types of oil. These data 
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CALCULATED AND OBSERVED COMPOSITION OF CAIIBURETTED 

WATER G.VS 




on Gas. 

Calc, Carb. W. G. 

Oba. Carb. W, Q. 

Illiiininunts. 

.0 i 
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CO. 
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11 

29.7 
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31.4 

CH4. 
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.5 

3.5 

3.7 

O 4 . 

,4 


.3 

.3 

N,. 

3.1 
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also show the effect of cracking on the oil efffeienej'. Fig. 285 shows some 
data exhibiting the effect of varying the amount of oil used and shows the 



beneffcial effect of the high partial pressure of the hydrogen in the blue 
gas. 

With the use of higher fixing temperatures and somewhat smaller 
quantities of oil per thousand, naphthalene stoppages have appeared with 
carburetted water gas when they were practically unknown under the 
illuminating value standards. 

Experiments have indicated that closely the same quantity of naphtha¬ 
lene is made per gallon of oil at the same fixing temperature whether 
4 gals, or 2 gals, of oil are used, but with the 4-gal. gas that is nearly three 
times as much condensate to hold the naphtha in solution. This results in 
higher concentration of naphthalene in the condensates from the 2-gal. 
gas and considerably higher naphthalene content in the gas itself. In 
these tests the 4-gal. gas contains 14 grains naphthalene per 100 cu.ft. 
and the 2-gal. gas 25 grains per 100 cu.ft. 

With some oils the efficient fixing temperatures are so high that naphtha¬ 
lene scrubbing is necessary to prevent stoppages in the distribution system. 
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In consi<l6ring the thcorj' of tlie formation of the blue pjas or water 
gas proper we have the two general steps—storing lieat in the fuel bed 



by the combustion of a portion of the fuel with a blast of air, and utilizing 
this heat in decomposing steam with the formation of the water gas, 
which is an endothermic reaction. 

During the blasting period the primary reaction is probably: 

CH“02 = C02 or 2C-|-02 = 2C0, 


These equations are connected by relation C02+C = 2C0, which is 
the equation for the equilibrium. Clement and Haskins have given the 
following expression for the value of K at any temperature, viz,: 


K = 


(CO) 

(CO) 


\nK=- 


20235 


+ 1.035 lnT-.0015G4T+8.C04, 


and they found that with coke the following percentages were in equi¬ 
librium at different temperatures: 


Temperature. , 

Car boo Mooosidc. 

CarboD Dioxide. 

•c 

% 

% 

900 

83.2 

10 8 

1000 

94.5 

6.5 


98.1 

1.9 


99.4 

.« 


99.7 

.3 


It must be remembered, however, that in commercial producer gas 
the presence of the nitrogen lowers the partial pressure of the carbon 
monoxide, and thus slightly increases the ratio CO-T-CO 2 over that given 
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in the table. It is found that tlie time of contact is very important, 
and that with the increasing temperatures tlie increase in the coefficient 
of the reactioi» velocity is about ton times the increase in the diffusion 
constants, so tliat velocity of the chemical combination is the determining 
factor in this reaction. 

It is found that the different forms of carbon do not react alike, 
charcoal reacting most rapidly, coke next, and anthracite most slowly. 
In the second stage of the process, that of the decomposition of steam, 
we have two reactions: C + Ii 20 =C 0 + H 2 and C+ 2 H 20 = C 02 + 2 H 2 . 
Tlicse products are then relateil accortling to the two reactions 
COi-f Ha = CX) + Il20, and by the reaction previously discussed, CO 2 + C 
= 2C(.). The calculation of the constants of the water gas reaction 
is complicated by the uncertainty regarding the specific heat of the react¬ 
ing bodies at high temperatures. Haber gives the following equation 
for the value of K at equilibrium at temperatures of from 1250® to 2700° F. 

LogA'=-^^-.084631ogT-.0002203T+2.5084. 

From experimental work that has been done on this problem it is 
apparent that while the water gas reaction ceases to readjust itself to 
changes of temperature at about 2550° F. in the Bunsen burner, yet 
in the water gas generator it seems to adjust itself down to very moderate 
temperatures. This is probably due to the influence of the ash on the 
surface of the coal. It is also assumed that in the generator while the 
gases may be in equilibrium with themselves, they arc not in equilibrium 
with the carbon in the fuel bed. In Fig. 286 are given some experi- 
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mental results obtained by Clement and Haskins, using coke as fuel, 
with the time of contact of the steam equal to two seconds. 

In the practical operation of water gas apparatus the efficiency of 
the production of blue gas will be dependent upon the temperature of 
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the bla^t and water gas issuing from the fire; the ixTcentage of CO 
or excess air in this blast gas, and tlie percentage of undecompo'^ed steam 
in the blue gas, assuming, of course, that we are oiKTating tin* g(“nerator 
so as to produce a reasonablv low percentage of CO^. These conditions 
will probably be influ¬ 
enced by the rate and 

time of passage of blast % I a 

through the fire. There !«■»- X\_l __ __ 5 

are two divergent views 5 / \ s 

on this subject. Accord- |?o* _ I_ /— \ -_ .ozs-2 

ing to one writer, when S / TtMPtAATuA^Ar TOP OF FIQC I |> 

the rate of pa.ssage of | -■ — -eoo- Z 

blast is sufficiently great I **^^1 ^ 

in proportion to the depth I .o* ! _ -_.^\ i77j» ^ 

of fuel, CO will not be /"co' '** I \ ^ 

formed, but only CO 2 . I „ _ \ g 

Another writer, on the f // L——-i I 

other hand, finds verj' | p^l 1 __ I _ '1 

1 : 4 * 1 ^ i A a O 1ST . 2ND SAD 1ST 2ND 3P0 ATn *' £ 

little ChiingC due to the MINUTU IN'DLOW' MIN^CS IN*AUN' S 

rate of passage of the gas, Fui. 287. 

and believes that the effi¬ 
ciency of the blow is dependent on the temperature of the fire, and is 
principally a function of the length of time. 

Apparently, an increase in the rate of blast, Fig. 286, will give a higher 
average temperature of the fire, which results in somewhat increased tem¬ 
perature of the Issuing blast gases, with slight <lecrease in the percentage 
of CO. It is quite conceivable, in view of the theory that the .s|x*ed 
of the reaction C02-|-C = 2C0, will increase so rapidly with increase 
in temperature that we cannot sufficiently decrease the time of contact 
to prevent the formation of considerable quantitic.s of CO. 

Increasing the rate of passage of steam will apparently reduce the 
temperature of the outgoing water gas, which is favorable to economy, 
but this is more than offset by the smaller percentages of steam decom¬ 
posed, and the consequent waste of both excess steam and its sensible 
heat, and furthermore, by the greater percentage of CO 2 in the blue 
gas. In general, all of the writers assume the importance of the slow 
rate of passage of the steam. 

The temperature and condition of the generator fire, Figs. 287 and 288, 
appear to be the most important conditions. The capacity of the fuel bed 
increases with an increase in the temperature, resulting in a larger yield and 


a more perfect decomposition of the steam, and a more favorable composi¬ 
tion of the blue gas. On the other hand it increases the sensible heat of the 
off-going blast products and the blue gas, and results in an increased i>er- 
centage of CO in the blast products, both of which are unfavorable to 
fuel economy. 
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The necessity of procluciiiK a certain amount of available combustible 
in the blast gases to maintain the fixing chambers at the proper tem¬ 
perature somewhat complicates the operation when carburetted water 



Tcmpcratxjrc in Bcp* 

Fig. 288. 


gas is manufactured. With indifferent control of the operating conditions 
a large excess of CO is always produced with some fuels. 

Modern practice attempts to bring the ^yhole fuel bed to a uniform 
temperature and to reduce the variation or range of temperatures as far as 
possible, thus enabling the temperature in the active zone in the fuel bed to 
be maintained at a point where the clinker can be controlled. This results 
in a minimum lo.ss of sensible heat incurred by the offgoing gases and 
yet a satisfactory decomposition of the steam is secured at an increased 
rate. 

The use of two generators that are blasted in parallel but are con¬ 
nected in series, during the gas-making period, is an endeavor to secure 
more uniform fire conditions. 

From the theory of the reactions underlying the combustion of the 
coal and the formation of water gas, it will be seen that many of the 
requirements are contradictory. It is therefore necessary to arrange 
our operating conditions so as to secure the most efficient compromise, 
remembering that many of the theoretical processes will yield very efficient 
results under test conditions, but may utterly fail to satisfy the com- 




CITY GAS 


775 

mercial requiremeDts as to overhead charges for capital investe<i and the 
labor cost of operating. 

The following table gives the operating coinlitions at two plants, 
one operating on coke alone and the other on approximately 80 per cent 
bituminous coal and 20 per cent coke. This will give an idea of the 
variations necessarj' with the two fuels. 



1 

100 IVr Com Coke. 

SO Per Of’hi Hoilcr 
CoTi\. 20 Per Cent 
Coke. 

Heating value gas. 

540 B.T.U. 

2 91 gallons 

99.G 

30 6 lbs. 

1410^ F. 

2 35 minutes 

3 00 minutes 
34% 

1520 cu. ft. 

33 lbs. 

21.50 cu. ft. 

542 B.T.r. 

3 10 galloti-s 
95.0 

30 1 ll)s. 

1450"F. 

3.0 ininiitcs 

3 0 iiiiiiutes 
28% 

13.50 cu. ft. 

28 Ihs. 

1975 cu. ft. 

Oil, per i\I. 

B.T.U. per gallon. 

Fuel, per .M. 

Fixing temfwraturc. 

Blow. 

Per cent down nin.«i. 

Generator air, per M. 

Steam, per M. 

Gas made per sq. ft. grate per hr. 


The condensation and puriheation of carburetted water gas differs 
somewhat from that of coal gas in that since there is no ammonia to be 
extracted it is not necessary to reduce the temperature to so low a point. 
The same general methods are used as in coal gas. 

In water gas, however, the gas leaves tlie wash-box at a temperature 
approximating 190® F. and is frequently nearly saturated with water 
vapor; at 90 per cent saturation there would have to l)c removed about 
86,600 B.T.U. per thousand (measured at normal temperature) to bring 
it to 80® F. so that although the water gas does not have to be cooled but 
say, 50® F. more than coal gas, the work to be done is more than five times 
as great. 

The gas leaving the wash-box at a temperature of about 190® F. passes 
through the scrubbers and primary condensers of either the direct contact 
or tubular type into the relief holder. The bulk of the tar will now’ have 
been deposited. From the relief holder it is drawn by means of the 
exhausters, and pumped through the secondarj' condensers and tar extract¬ 
ors, which arc usually of the P. & A. type described under coal gas, into 
the purifying house. In case the P. & A. tj’pe of extractor is not used, 
vessels filled with shavings are used to mechanically filter out the entrained 
liquids. 

The purification of water gas is carried on under the same general 
conditions as those surrounding the purification of coal gas. 

The following range of temperatures is an example of an average of 
working conditions under which the manufacturing results were excellent, 
and which would justify the conclusion that the gas was being properly 
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han(Jlo<I. It should be remembered in this connection that it is quite 
probable that with different raw materials and a different design of plant 
these temperatures would require modification: 


Teinperature of the atmosphere. 66* F. 

Top of su|)orheater. 1200 

Outlet of wasli-box. 190 

Inlet of scrubber. 180 

Inlet of relief holder. 154 

Inlet of exiiauster. 115 

Inlet of tar extractor. 113 

Inlet of purifier. 103 

Outlet of purifier. 85 

Outlet of station meter. 85 



Fia. 289.—Plan—^Water Gas Plant. 
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Fip. 2S0 gives the plan of a moderate size water gas plant. It will 
be noted tliat the gas passes from tlie maeliine through tlie preliminary 
scrubbers and conden.-^ei^ to the relief holder, lieiu-e through the final 
condensers, exhauster, through the purifiers, meter and storage holder, 
then through the governor to the distribution svst.em. 

Oil Gas. The manufacture of oil gas as practiced on the Pacific coast 
is related in a general wa>' to tlie manufacture of water gas. Essentially, 
it is a cracking proce.s.s whereby the oil is in part broken down to its con¬ 
stituent hydrogen, and lampblack and tlie remainder is left as permanent 
gas with relatively small amounts of vapor so that its composition closely 
resembles coal gas. 

I'liere are two di.stinct methods of operating. One metliod attempts 
to make the minimum amount of lampblack and is typifioil by the Jones 
t> pe of apparatus, while the other method delilieratoly attempts to make a 
eonsiiieralilc quantity of lamphlack, using more oil, of course, but putting 
the lampblack into marketable form with the idea that as a Iiy-product, 
it was more valuable than the original oil. Evidently, local conditions 
must determine the relative cflieieneies of these proee.sses. 

In the Jones type of apparatus a set with a capacity of 5,000,000 cu.ft. 
per day shells are 18 ft. 9 in-s. outside diameter lined to 14 ft. 3 ins. diameter. 
1 he primary shell is 49 ft. high while the secondary is 03 ft. high, the con¬ 
nection being 10 ft. by 17 ft. 

In the operation of the set air is blown into the primary for three 
minutes to burn out the carbon, then for two minuto.s it is also blown 
into the base of the secondary shell. The second blast is shut dowm and 
oil is turned on in tlie top of the primary for five minutes. The tempera¬ 
ture in the primary checker will now be between 1000“ and 1700“ F. and 
in the secondary about 100“ F. lower. The oil and blast is sliut off and 
steam is turned on the top of the primary and the secondarvfor one minute j 
during this time blue water gas is made. Oil is then turned irtto the lower 
checker brick in the primary and upi>er checkers in the secondary for 
seven minutes, the oil is cut off and steam alone used for two minutes, 
which completes tlie cycle. The oil is sprayed into the machines with 
steam and must be preheated to give it the necessary fluidity. 

The temperatures are controlled by pyrometers and are checked by 
the appearance of the overflow at the wash-box. In making gas of 550 
B.T.U. about 7.0 gals, of oil per thousand arc required. About 1.0 gal. 
is used during the heating period, the remainder during the making period. 

The gas will have the following composition when made from heavy 
California crude. 


Ills., 
CO. 
H2. 

CH4 


4.2% 

10.4 

47.6 

27.0 
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CO 2 . 

O2. . . 
N2. . . 

Sp. gr. 
B.T.U 


4.6 

.4 

5.8 

.476 

554 


There will be produced about 12 lbs. of lampblack and 0.5 gal. of 
tar per one thousand. 

The otlicr type of apparatus is known as the straight, short set and 
consists of a single shell divided into sections by arches which carry the 
checker brick. The top is provided with a stack valve. In a set with a 
capacity of 2,400,000 per day the shell would be 20 ft. diameter lined to 
17 ft. 0 in. by 36 ft. high. The blast chamber and heating burners are 
at the base. The wash-box is 8 ft. diameter and 7 ft. high. 

The operation is the same in general as previously described, but the 
cycles are usually ten minutes heating and twenty minutes making, and 
for a 550 B.T.U. gas the oil per thousand would be about 8.6 gals, per 
thousand and there would be provided about 23 lbs. of lampblack and 
.2 gal. of tar. 

The gas will have practically the same composition as that made in 
the other proce.ss. In comparing the heating value put into the gas per 
gallon of make oil used in the oil gas process with the carburetted water 
gas process we would get the following figures. 

Straight shot.23 lbs. carbon .2 gal. tar 7,250 B.T.U. per gal. 

Jones. 12 “ “ .5 “ “ 87,700 “ “ “ 

Carburetted water gas None .5 “ ** 105,000 “ “ “ 

The straight-shot apparatus can be operated in the same manner as 
the Jones set—i.e., with a minimum production of lampblack and will give 
nearly the same oil efficiencies on equivalent sizes of apparatus. 

In the early days of this process the working conditions were not 
well understood and the operation of the machines resulted in enormous 
accumulation of lampblack from excessive and irregular temperatures 
carried in the apparatus. Now, however, with the control that is exercised 
over the operation of the set and in addition the better design, the appa¬ 
ratus has resulted in an almost total elimination of the trouble and nuisance 
due to lampblack. The bulk of the lampblack is now removed in a self¬ 
cleaning wash-box in which the lampblack is washed from the gas by a 
large quantity of water, which prevents the formation of large lumps. 

From the wash-box the gas passes through scrubbers filled with wooden 
trays similar to those used in the carburetted water gas apparatus; as 
there are no by-products to be saved a rather excessive amount of water 
is supplied to the scrubbers. In some of the plants three scrubbers are 
used applying from 10 to 15 gals, per thousand per scrubber, or a total 
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of, say, 40 gals, por thousand. The wator from the wash-hox and scrubbers 
is run into the lampblack separator, where the lampblack is removed. 
The lampblack as taken from the sej)arator contains about 00 |)er cent 
of water. This is piled in heaps and allowed to drain \intil it contains 
alx)ut 20 per cent, it is then used for fuel either under the boilers or in 
water gas apparatus. 

In some of the more modern plants the lampblack is removed from the 
wash-bo.x water by vacuum filters, is dried in rotary oil fired driers and 
is then briquetted. 

Due to the high temperatures employed in the fixing chambers, a con¬ 
siderable quantity of na|)hthalene i.s fonned. This is removed by scrul)- 
bing the gas :us it leaves the la.st water scrubbers with the oil u.«ed for gas 
making. About 5 gals, per tliousand is used in grid-filled scrubbers. 

A great advantage of this of apparatus is that it can be built 
and handled in large units, so that the o|)erative labor is reduced to a 
minimum and from the fact that no time is lost in clinkering. The ma¬ 
chines can be depended upon to produce their gas continually so that 
only a very low holder capacity is required. 

Of the available oils in California, it ha.s been found that those liighest 
in specific gravitj' give the best results or, in other word.s, that the hydro¬ 
carbons present in the oil are all about equally valuable, .so that the oil 
yielding the greatest weight per gallon will naturally give the greatest 
number of cubic feet of gas. This result rather bears out the idea that 
has been gaining ground in the E^t w'here the heavier grades of enriching 
oil have been tried out and experimented witli more thoroughly. The 
heavier grades of oil require heating so that they will handle properly 
in the sprays. The sulphur content of the California oils varies quite 
widely, some crudes containing a.s much as 4 per cent. It ha.s been found 
that where the sulphur docs not exceed 1 per cent, the gas is readily purified 
with oven oxide, as the hydrogen sulphi<lc will not exceed 300 grains per 
100 cu.ft. 

With some oils the organic sulphur has given considerable trouble 
and this led to the u.se of the Hall reheating process for the removal of 
the organic sulplmr compounds. 

General Processes. Wc have heretofore considered only the manufac¬ 
ture and purification of the several commercial gases, as tlie.se processes 
have differed considerably for each class. We will now take up several 
steps that while they more properly belong to the distribution of the 
gas, yet they arc undertaken at the plant and may now be briefly con¬ 
sidered here as being common to all the various classes. 

After the gas passes the purifier it is metered in order that a proper 
check nmy be kept upon manufacturing operations. The volume of gas 
made is usually corrected to G0° F. and 30^' Barometer. 

The usual form of meter in use, Fig. 290, is the wet drum meter, which 
operates by the displacement of a water-sealed drum, and this is the only 
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form of motor that actually isolatos a (lofinite volunio of tho gas and records 
it. Uocoiitly tlio .‘jo-called dry rotary motor boon introducod. In this 
form tho \-o!ocity of the pa.s.sinj 5 through definite oriheos is measured 
and recorded by a form of anemometer. Another form of meter whicli 
has just been introducod is the electric motor, which automatically records 
the mass, and therefore volume, at a definite temperature of the fias by 
the rise in temporaturo of the stream of the gas that has liad a definite 
(piantity of heat added electrically. In laifio in.stallations, particularly 
in the coke oven industry, whore largo volumes of gas have to bo measuro<l 



Fio. 290.—Station Meters. 


and absolute accuracy is not required, Venturi metere have been used 
with automatic integrating mechanism. These have been successfully 
used where the flow is fairly uniform and their use was desirable owing 
to low installation cost. 

From the metei-s the purified gas passes to the storage liolders, Fig. 
291. The holder proper, or l>ell, is built of thin sheet iron or mild steel 
supported in a structural steel guide-frame. The holder if large is com¬ 
posed of several sections to reduce the depth of the tank in which it is 
sealed. The various sections are joined with water seals which in climates 
where freezing weather is prevalent must be heated to prevent the water 
from freezing and damage to the holder. The tanks are either of brick 
or concrete built in the ground or of steel above the ground. Owing to 
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(he ^roat wcitilit of tlio water an*! (•imi}>o>in!i tlic holder the founda¬ 

tion rnu^t be car(‘full\’ prepared, e-pi-eially uliere the lank i.' of brick or 
concretf'. 



i i«a 2U1.—showini' the (htMamUrH Tilltd and Iteady for the ('oiiMuner. 

In order to seeiire projKT arnl adotjuate pre?vsure eonditions, tlio gas 
ii» it payse.s out of the liol<lers is pft'^setl throimli tjfivernors which aiito- 
tnatieally maintain a constant pressure, or in some eases inerctuso and 
decrease* the pressure in aeeonianee with tfie varyin^i rale of flow. Kij?. 202 
illustrat e.s one birm. 

Within the ptist year, a new tyfx- of waterless liolder has been intro- 
due.r‘d. In this lyfx* of <onstruetion there is no tank and tlie liolder profMT 
is m fabricated that the interior is smooth and s<*rves as a cylinder for a 
piston which rises and falls in the interior, dhe joint Isdween the piston 
aral the Uxly of the hoMr-r profM-r is ma<le by means of a set of steel shoes 
nibbing aKainst the side of the holder am) conneet<'d to the body of the 
piston profH*r by heavy eanvfis. 

This joint is hiiilt in the form of a eup Ixdow the lop of the piston 
profx'r and this eup is fdled with a heavy oil or tar of sufficient depth to 
re.Mist the pressure of the kiih in bolder. Pr<;vision is imule for eatehiriK 
any oil which may leak throiijih the joint to the base of the holder and 
returnirm it by means of automatic pumps to the top of the pistrin. 

These holders have Ixjeij u.scd abroad for several years and it is expected 
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that their use will prove economical due to the saving in foundations, cost 
of construction, and it will not be necessary to heat them to prevent 
freezing. 

Utilization of Residuals. The residuals or by-products depend upon the 
kind of gas made. Coal gas gives coke, coal tar, ammonia, cyanogen, spent 
oxide and retort carbon. Water gas has only one, the tar, while the all-oil 
gas of the Pacific coast yields lampblack. Pintsch gas furnishes a small 
quantity of tar and condensate that is separated during the compression. 

The retort coke is usually crushed, the breeze or fine dust removed 
and the crushed product separated into several sizes for sale. The breeze 
is usually burned at the plant in the producers or as boiler fuel either alone 
on specially constnicted grates with forced draft or mixed with coal, or sold 
as filtering material. The greater portion of the coke is used by bakers 
or for other purposes where a quick high heat is required. Owing to its 
small size, high sulphur and volatile content and low crushing strength 
it has not been used for foundry purposes to any great extent. 

The lampblack is allowed to drain and air dry and may be used directly 
as boiler fuel, but successful results have lately been obtained by briquet¬ 
ting the dried material, there being sufficient tar 
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present to act as a binder. 

The retort carbon is sold as such and is used 
in the manufacture of arc and battery carbons, 
dry batteries and other purposes requiring a hard, 
dense form of carbon. 

The tars are generally sold to tar distillers after 
the water content has been reduced to 3 per cent, 
which is the usual basis of sale. 

The hydration of water gas tar frequently 
gives considerable trouble when certain oils are used 
for enriching. At times emulsions are formed that 
will contain as high as 90 per cent of water. Various 


Type M. S. Mercury methods are used to reduce the water content. In 


Gas Governor Deliv¬ 
ers Constant Outlet 
Pressure in Direct 
Proportion to the 
Volume. 


some cases, simple heating in tanks will cause the 
water to separate. With other tars some form of 
distillation seems to be the only effective method. 
For moderate quantities, centrifugal separators some¬ 


what similar to a cream separator have been suc¬ 


cessfully used. 

Only a few of the larger manufacturing plants attempt to refine 
their tar. In many of the smaller plants and where freight rates are 
unfavorable or other conditions do not admit shipping the crude tar to a 
distiller, the tar is burned as fuel under the benches or boilers. 


The tars will range from 15,000 to 18,000 B.T.U. in heating value per 
pound. 

Light Oil Recovery. While light oil recovery has been generally prac- 
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ticed in connection with coke ovens it was not until the demand for toluene 
brought about by ttie war became so insistent that light oil recovery 
plants were introduced into city gas plants. About twenty-two jdants 
were erected but at the present time only three or four plants are operat ing 
and these plants are producing a refined light oil for use as motor fuel 
generally in admixture with an equal volume of gasolene. 

Tile amounts and relative proportions of the condensible hydrocarbons 
present in city gas varies considerably with the process, i.e., coal-carbu- 
retted water gas, all-oil water gas; and with the ty\ie of apparatus; and 
with tlie raw materials. 


In discussing the quantities involved it has been thought more logical 
to express them in gallons per ton of coal carbonized for coal gas and as a 
percentage of the gas oil used for carburetted water gas. 



lloh20Dtal 

Kciorta* 

VertkaJ 

hetortj. 

Coko 

Ovrbs. 

Carb 

Wfttur Gas. 

An-oil 
Water Gaa. 

C.P, benzol. 

1 02 

1 81 

1.7S2 

Per C«nt. 

4 5 

Per Cent. 

3 3 

C.P. toluol. 

.41 

.43 

.402 

2 2 

2 

Refined nnphthjLs. 

.30 

.41 

.216 

1.0 

03 

Unsaturated hydrocarbons. 

.36 

.43 

.297 

3 1 

.60 


2.69 

3.08 

2.707 

10.8 

4.13 


In this connection the use of “ C.P. ” and " refined ** indicates that the 
hydrocarbons were washed with acid and soda before valuation. 

The method of recovery in general use involves scrubbing or washing 
the gas with an oil of high boiling-point (low-vapor tension) until it has 
absorbed from 2.5 to 3.0 per cent of the light hydrocarbons; the so-called 
benzolized oil is then heated to 2-40* to 280* F. and distilled with live steam, 
thus liberating the low-boiling benzol homologs. The tlcbenzolized wash 
oil is then cooled by heat-exchanging apparatus and water coolers and is 
returned to the cycle. 

It is evident that given a wash oil of low vapor tension the extraction 
will depend upon the relative amount of low-boiling vapors present, the 
saturation of the l>enzolized wash oil, i.e., the volume of wash oil per unit 
volume of gas, and the temperature. 

As the temperature increases the volume of wash oil must be increased 
to decrease the percentage of saturation to obtain equal efficiency of 
extraction. 

The highest commercial efficiency of extraction is bctw'cen 92 to 95 
per cent, while average working will probably not exceed 90 per cent. 

The wash oil used is generally a high-boiling petroleum oil known as 
" absorbent ” or “ straw oil.” The following specifications will furnish 
a very satisfactory material; 
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Gravity at 00° F., 3-4° to 36° B. 

I'lash-point open clip not less tlian 275® F. 

Viscosity Savbolt at 100° F. not over 70. 

Pour test not over 30° F. 

Steam distillation not over 1 per cent. 

Loss on washing with 100 per cent II 2 SO 4 not over 10 per cent. 

In England cresote oil is used to some extent; it should have a gravity 
at 00° I', of 1.0 4 and at least 90 i>cr cent should distill between 200° and 
300° C. 

The oil sliould not contain over 5 per cent naphthalene. 

The petroleum oils arc generally more satisfactory, as they are less 
likely to form emulsions with water and they appear to give up the ab¬ 
sorbed light oils more readily in the steam distillation. 

The recovery apparatus is usually installed in coal-gas plants after the 
ammonia washers where the gas has alrcatly l>een cooled an<l the tempera¬ 
ture for the highest extraction is rarely allowed to exceed 75° F. In water- 
gas plants it is usually installed after the purifiers. 

While t he main features of the recovery apj^aratus is the same in nearly 
all the modern systems there arc a number of minor points of difference, 
principally in design. 

Fig. 293 gives a view of the apparatus installed. 

Here the gas is brought into contact \vith the wash oil in two tall towers 
filled with layers of boards on edge in order to break up the gas stream and 
to expose the maximum surface of oil to the gas. The oil is sprayed down 
the towers against the rising stream of gas. Separators similar to steam 
separators in the gas outlet pipes prevent the loss of W'ash oil in the form 
of the mist or spray while the bottom of the tow'cre and external separators 
remove any wafer that is deposited out from the gas. The wash oil now 
contains from 2.5 to 3.0 per cent of crude benzol and is at a temperature of, 
say, 75° F. 

It then passes to a vapor to oil heat exchanger where it is heated to 
150° F. by the latent heat of the vapors from the debenzolizing still, then 
through an oil to oil heat exchanger where it is heated to 220° F. by the 
hot wash oil from the bottom of the still, thence to the steam preheater 
where high-pressure steam is used to bring the temperatures up to 270° 
to 290° F. 

It is essential that the oil be brought to a high temperature before it 
enters the still. The hot oil now passes down the column of the deben¬ 
zolizing still. This is composed of cast-iron sections of the same general 
principle as that shown in detail in Fig. 293, but having somewhat larger 
run-back passages. 

Usually there are 8 or 10 sections at the top of the column of a smaller 
sectional area than the 14 to 18 sections at the bottom through which the 
oil flows. At the base pf the column is a spray through which live gteana 




Flu. 293. 
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is introduced in amount equal to 70 to 100 per cent of the volume of crude 
benzols distilled out. 

As tlic steam rises through the current of descending hot oil the low- 
boiling vapors in conformity with well-known physical laws are liberated 
aiul rise through the column, thus thoroughly scrubbing the incoming oil 
an<l tlepositing in the upper sections the considerable quantity of the 
wash oil that is carried forward mechanically. A certain amount of the 
wash oil, however, comes over with the crude benzols and may run as 
high as 20 jier cent by volume, although good working condition will reduce 
this to from 3 to 8 per cent. 

The vapors then pass to the vapor oil heat exchanger, w’here they give 
up most of their latent lieat to the incoming l>enzolized wash oil, then to 
condensers, and finally to a separator to remove the condensed steam and 
to the storage tanks. 

The debenzolized w'ash oil leaves the base of the column at about 240® F. 
and passes through the oil to oil heat exchanger, thus heating the incoming 
bonzolized wash oil and cooling to about 170® F.; from here it passes to the 
coolers which are usually of the ammonia type where it is cooled to 75® F., 
and then passes to the debenzolized wash oil tank and is ready to commence 
the cycle again. 

Ill other sy.stems the tower scrubbers are replaced with mechanical 
scrubbers, or in one system with a column similar to that used in the 
dclxjiizolizing still. 

In the operation o£ recovery apparatus the quantity of recoverable 
hydrocarbons present, the gas temperature and the efficiency of recovery 
desired are determining factors. 

In coke-oven plants where complete recovery is aimed at, the tempera¬ 
tures are usually held below 75® F., and sufficient wash oil to yield satura¬ 
tion of the benzolized oil of not over 2^ per cent, i.e., at 2.0 gals, of light oil 
per ton of coal and 10.800 cu.ft. per ton this would mean 7.22 gals, of 
wash oil p>er 1000 cu.ft., with higher temperatures and greater quantities 
of light oils present, the wash oil \ised may run up to 14 to 16 gals, per 
1000 cu.ft. 

The practically complete elimination of the light oil from the benzolized 
oil is important in securing high recovery efficiencies. To a great extent 
this is secured by a uniformly high temperature of the oil entering the 
debenzolizing column. It is difficult to secure complete elimination of 
light oil with a temperature less than 220® F., and this will require consider¬ 
ably more live steam than where the oil is from 240® to 280® F., at the 
temperatures the recovery is complete and the whole operation is much 
more smooth and uniform. The live steam required varies from 70 to 
100 per cent by volume of the light oil produced. 

During the war the light oil was usually fractionated with a steam 
column still similar to that shown in Chapter 1, into crude benzol, crude 
toluol, crude solvent naphtha and the wash oil received and put back into 
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the system. At the present time, the light oil is usually washed lightly 
with sulphuric acid and a fraction cut that is mixed with an equal 

volume of gasolene and sold as motor fuel. 

Cyanogen. Owing to the small amount of cyanogen present in coal 
gas and tlie variation and teclmical control involved in the operation of 
recovery plants but few gas plants have installed a recovery plant for 
cyanogen compounds. There are several processes in use. One involves 
scrubbing the gas after the removal of the tar and naphthalene with a 
sludge of ferrous carbonate in a solution of soda ash; this yields a crude 
solution of sodium ferrous cj’anidc and ammonia, that is usually sold 
in the crude state, and the fonned solution containing i to 1 lb. of ferro 
cyanide of sodium per gallon. 

Another system involves washing the gas with ammonia liquor contain¬ 
ing sulphur; this forms an ammonium polysulphide which reacts with the 
gas to form ammonia sulpho cyanide. This method has been modified 
by Williams within the last few years. The gas is scrubbed in ordinary 
cast-iron purifying boxes filled with spent oxide, which furnishes the neces¬ 
sary sulphur, and a strong ammonia liquid is sprayed over the oxide to 
keep it well saturated. This system is claimed to give a very high per¬ 
centage of extraction—from 90 to 95 per cent, and produces a solution cany- 
ing about 2 lbs. of ammonia sulpho cyanide and 6 per cent of ammonia. 
These systems, while they arc quite generally used in England, have not 
been generally adopted here. 

Two of tlie largest plants in tins country practicing cyanogen recovery 
use the system in which the gas is scrubbed before the removal of ammonia 
with a solution of ferrous sulphate. The ammonia and hydrogen sulphide 
of the gas form ferrous sulpliide and ammonium sulphate; this reacts with 
a further portion of the ammonia and the cyanogen, forming an insoluble 
double ferro cyanide of ammonia and iron (NH4)2Fe2(CN)6- A portion 
of this salt, however, is partially decomposed by the ammonia and H 2 S 
in the gas into ammonium ferro cyanide and ferro sulphide. 

Fig. 294 gives an outline of this process. 

The mud which is formed in the reaction is boiled, which converts the 
soluble ferro cyanide in the presence of ferrous sulphide into the insoluble 
double salt. This is then neutralized with sulphuric acid and filtered. 
The resulting sludge or mud is sold as such to the manufacturers of cyanide 
compounds and the ammonium sulphate solution is evaporated to crystal¬ 
lization. 

In the practical operation of the plant the gas is scrubbed with a 
rotary or Feld type washer with a copperas solution of about 27 per cent. 
The mud or sludge as it passes from the scrubber has a specific gravity about 
1.2 per cent, contains about 5 per cent of cyanogen and 6^ per cent of 
ammonia. The sludge is then heated in a small still to drive off a por¬ 
tion of the ammonia which is recovered as strong ammonia liquor, and it 
then passes through the lead-lined neutralization tanks provided with 
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agitators where it is neutralized with s\ilphuric acid and heated just short 
of boiling. A slight excess of acid is carried and the neutralized solution is 
tested for the presence of ferro cyanide. If this is shown to be present 
copperas is added to precipitate it. The neutralized sludge is now pumped 
into the filter press, and the bulk of the ammonium sulphate recovered. 

This preliminary cake is then broken up and washed with water in a 
tank and again filter pressed, yielding the finished cake, having about the 
following composition: 

Moisture. 

Insoluble double ammonium ferro cyanide. . 

Tar, naphthalene, sulphur. 

Ammonium sulphate. 

Iron sulphate. 

Undetermined. 

The solution of ammonium sulphate is treated with strong ammonia 
liquor to precipitate the excess iron, after saturation and filtration is evapo¬ 
rated and is steam heated in lead evaporators, the ammonium sulphate 
crystallizes out and is freed from the bulk of the moisture in a centrifugal, 
and dried in a small rotary dried. A typical analysis of the sulphate: 

Ammonia. 25.3% 

Moisture. 

Freed acid.^8 

The operation of the plant requires considerable technical control as the 
quantity of cyanogen in the gas varies considerably from time to time. 
Tests indicating from 110 grains to 140 grains. To some extent this is 
influenced by the temperature used in condensation, as with the lower 
temperatures the greater amount of ammonia liquor condenses which 
takes out some of the cyanogen. The yield of cyanogen calculated as 
Prussian blue varies from 2.2 to 2.8 lbs. per ton of coal and the ammonium 
sulphate from 3.0 to 3.6 per ton. In connection with the operation of the 
plant it appears that the total yield of ammonia is somewhat less than 
where all of the ammonia is extracted as liquor. This is not surprising 
considering the necessary handling. 

Ammonia. The ammonia which is recovered as condensate and as a 
weak liquor in the ammonia scrubbers will average from 1 to 2 per cent by 
weight and exists principally as an acid carbonate and chloride together 
with small quantities of a numl>er of other ammonia compounds. 

In many plants the weak liquor is sold as such to manufacturers of 
ammonium products, but in order to make the material more convenient to 
handle and to save storage space and save freight, the weak liquor is gen¬ 
erally concentrated up to a strength of from 10 to 15 per cent. This is done 
in ammonia stills. These consist essentially of the free ammonium still 
where the liquor freed from volatile salts is treated with milk of lime and 
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the boating continued to eliminate the last traces of fixed ammonium 
compounds. 

The ammonia gas and steam is driven off through the towers somewhat 
.‘iimilar to the deplileginator tow’crs in use in the distillation of benzol, 
etc., and then passes to a water-cooled condenser W’here the concentrated 
animonia is collected. In the practical operation of the plant the liquor 
is analyzed for the proportion of free and fixed salts and whether a proper 
amount of milk of lime is added. Considerable care and experience are 
necessary in the operation of the stills in order to insure that all of the 
ammonia is driven out and this involves daily analyses of the waste liquor 
from the stills. 

The manufacture of ammonia sulphate by the direct process has 
already been touched on. In the indirect process the operation is practi¬ 
cally a combination of the concentrating apparatus as far as the stills are 
concerned w'hcre the liquor is freed from the ammonia the vapors instead 
of being condensed to a concentrated liquor are passed into the lead-lined 
saturator box w'hcrc they are brought in contact with the sulphuric acid. 

The ammonium sulphate as it forms in the saturator is fished out, 
allowed to tlrain, and is usually freed from excess moisture in the centrifugal. 
The manufacture of ammonium sulphate is confined almost entirely to 
the coke ovens. 

The spent oxide from coal gas plants where the cyanogen is not ex¬ 
tracted w’ill contain practically all the cyanogen from the gas as Prus¬ 
sian blue together with some ammonium salts. In the ordinary oxide 
the Prussian blue will range from 7 to 13 per cent; it thus becomes avail¬ 
able as a source of cyanogen and is sold as such. The presence of the tar, 
which is always present, has so far prevented the commercial recovery 
of the sulphur for use in the manufacture of sulphuric acid. 

The further utilization of the tar is taken up in another chapter and 
the ammonia and cyanogen under “ Commercial Chemicals,” to which 
reference is made. 
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Under this designation will be considered those gases used for industrial 
processes that are either consumed immediately as made, producer gas, 
blue water gas and the various oil gases, or are shipjx'd to consumers 
in the compressed fonn such as hydrogen, oxygen and acetylene. 

Producer Gas. The gas formed by the partial combustion of carlxuia- 
ceous fuel with air is known as producer gas and is one of the earliest 
gases to be used for industrial heating. While producer gas was known 
as such probably as early as 1840, its active development is directly con¬ 
nected with the operation of the oi)en-hcarth process for the manufacture 
of steel, which development had its real start with the invention of the 
recuperative furnace by Siemens in 1861. 

Since almost any materml containing 50 per cent of combustible carbon 
can be gasified in the producer, the fuels used have been of the widest 
variety, from anthracite coal to straw. 

The producer consists of a steel shell lined with firebrick and provide<l 
with some means of supporting the fuel bed, with devices to admit air 
and steam, with suitable means to introduce fuel at the top with a means to 
remove the ash and clinker at the l)ottom, and a take off for the gas pro¬ 
duced. The dimensions may vary from 6 to 12 ft. in internal diameter 
and from 10 to 15 ft. in height. 

When air is passed through a bed of ignited fuel, the oxygen of the air 
combines with the carbon, probably by two reactions. 


and 


2C+02 = 2C0-1-58.8 calories 
C-|-02 = C02+97.65 calorics. 


These reactions are also related by the reaction. 

C-bC02 = 2C0±38.85 calories. 


It has been usually considered that carbon dioxide is the first product 
of combustion and that the carbon dioxide so formed reacts with carbon 
to produce carbon monoxide. Probably the two gases are formed simul- 
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fanoously. TiiLle I sliows the relative amount of the two gases that are in 
cfjuilihriuin with carbon at various temperatures. 


Tablk I 


C+CO, = 2CO 


Equilibrium Conditions 


'rc'inprrntiire 

Per Cent CO» 

Per Cent CO 

Per Cent N t 

1 

7r.o° F. ^ 

1 

20 0 

0 9 

78.5 

930 

17.1 

6.4 

76 5 

1110 

10.1 

18.1 

71.8 

1290 

3,1 

29 4 

67.5 

1170 

.6 

33.7 

65.7 


It will 1)0 noted that the combustion of carbon with air is a strongly 
exothermic reaction and that the temperature in the fuel bed would rise 
to such a point that the ash in the fuel would be fused, with the resulting 
formation of troublesome clinker. In order to control the formation of 
this clinker, steam is introtiuced with air and this reacts with carbon, thas 

C+H 20 = C 0 +H 2 —28.8 calories 

and 

C+ 2 H 20 = C 02 + 2 H 2 —18.8 calories. 

Tlicse Uyo reactions arc connected by the well-known water gas reaction 

H 20 -|-C 0 = H 2 +C 02 —10.0 calories. 

It will be noted that these reactions are both endothermic and that 
by properly proportioning the amount of steam or water vapor added, the 
temperature in the reaction zone may be controlled. 

In an actual producer fuel bed the temperature measurements indicate 
a variation from 400-500° F. at the lower portion of the fuel bed; up to 
1900° to 2000° in the active zone; dropping again to 1000°—1300° at the 
top. 

The rate of reaction, however, between steam and carbon is very much 
slower than the rate of reaction between oxygen and carbon. Equi¬ 
librium studies of the water gas reaction are of interest in certain types 
of processes. The composition of the gas formed in actual producer prac¬ 
tice is such as to indicate that the reaction probably does not have oppor¬ 
tunity to come into equilibrium, so that the time factor is of importance in 
determining the composition of the resulting gas. 

This subject has been studied at some length by Clement and Hasidns 
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and some of their results indicate that in the average commercial producer 
the time may vary from 1 to 3 seconds. 

Apparently at temrjorature.-: up to ICtK)® F.-1900® F. the ix-action i.s 

C+2HjO = CO_. + 2Il2, 

while at tempc*ratures above 2200* F. the reaction 

C+H2() = C0+H2 

predominates. 

Following the discussion of the manufacture of rarhurettod water gas. 
we have in producer practice the &une contlicting rorjuirements. The 
higher the teinfx^rature of the fuel IkhI the more rapid will ho the rate of 
combustion and the greater the capacity of the apiiaratus. At the same 
time at this higlier temperature we have greater tendency to the foniiation 
of clinker with its attendant disadvantages. In general, it is (he chanicter 
of the fuel that detennincs theeeoiiomic rate of combustion and the relative 
amount of steam rcfiuired. A further (XHiit, from a theoretical standpoint, 
that is worthy of .some consideration is the fact that when* producer gas is 
utilized with regenerative furnaces, the amount of steam pa.s.sing out of the 
producer shoukl not ho in c.xce.ss of that in equiUhrium with the water 
g:is reaction at the tein[K*rature of the recuperators. 

Th(? amount of .steam us<*d p<*r pound of fuel may \ary from .2 lb. to 
2.5 lbs. but in ordinary practice it will rarely exceed .5 lb. per pound of 

fuel, while the most efficient results api)car to be obtained with from 25 to 
.35 lb. 

While it is frequently claimed that a producer will return over 90 per 
cent of the heat of the fuel in the g:u';, it may he well to iwint out that there 
is no uniformity in the method of expressing efficiencies. It is well known 
that in a calorimeter, the hydrogen in (ho fuel Is hunied to water and the 
water is condensed so tliat the latent heat of evapomtion is credited to the 
fuel, wherea-s in a furnace, the water e.scapes as a vapor and this latent 
heat is not recoverable. The available heat in the fuel, therefore, may be 
differently expressed either with or without the liitent heat of the evap¬ 
oration of water. 

All gaseous fuels containing hydrogen will yield a different value, 
depending upon the final temperature of the products of combustion, for 
example, hydrogen will have a heating value of 32C.2 B.t.u. per cu. ft. with 
the products condensed while with products in the form of vapor the value 
will be 276. Methane will vary from 1009 to 909, while carbon monoxide 
will have the same value 323 in both cases. A further point is the fact 
that when producer gas is used at the temperature at which it leaves the 
producer it will carry from 15 to 17 per cent, depending on the heating 
value, of its total sensible heat, whereas, should the gas be cleaned and 
cooled before use, this heat will be lost. Considerable care must be taken, 
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tlioroforo, in ooinparinp, the figures on producer efficiency to insure that the 
methods of calculation are comparable. 

In considering the possible losses by gasification of fuel in a producer, 
wo must consider the moisture in the fuel. Under normal conditions this 
will be rather small, yet where excessive amounts of moisture are present 
it may become of some importance. 

A\’here producer gas is cooled and cleaned, the tar removed will have a 
considerable effect as the heating value, as the tar will usually average about 
15,500 H.t.u. per lb., and from 3 to 5 per cent of tar is commonly recovered 
from pro<lucer gas made from bitimiinous coal. 

There is a relatively small amount of fuel lost by being carried over 
mochanicall 3 ' and there is also some carbon deposited as soot. These 

losses would hardly reach a total of 
more than 3 per cent. There is, of 
course, a certain amount of combustible 
carbon lost in the ash. This can be 
reduced by careful operating conditions, 
but the higher the original ash in the 
coke the higher will be the carbon loss, 
which may run from 1.5 to 3 per cent. 

With the modem producer con¬ 
struction the loss by radiation and 
convection, it will probably run from 
1 to 2 per cent. Summing up, we 
would have a probable loss inherent in 
the process of from 8 to 10 per cent. 
If we add to this the loss due to sensi¬ 
ble heat in the gas, we find that we 
cannot expect an efficiency with cold 
gas greater than from 73 to 75 per cent 
while with hot gas, it may reach 90 to 
92 per cent. 

The design of producers vary widely, depending upon the type of fuel 
to be used and upon the method of operation. 

There are three distinct types of producer operation. 



(1) That type of operation which endeavors to purchase a gas con¬ 
taining as small amount of condensible vapors as possible. 

(2) The type of operation which endeavors to produce as large yield 
of tar as possible. 

(3) The type of operation which has for its object the production of 
the maximum yield of ammonia. 


We may add to these the slagg^g type of producer that has had some 
use abroad, but which has not been commercially used in this country. 
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In this type the clinker is formed as a slag and is tapix>cl off from the bottom 
in a molten condition as in a blast furnace. 

All of tliese inetliods require certain modification in design, which in 
its simplest form would be a simple steel shell lined with firt*brick provided 
with a grate, doors and the removal of ash at the base, a cliarging hopfK^r 
at the top and a gas take-off. Such producers are oj^erated in small sizes 
with fuels such as anthracite, where the fusing temperature of the ash is so 
high that trouble from clinker is practically eliminated. 

In order to facilitate the removal of the ash, various types of mechan¬ 
ically operated grates have beetj used, one type is shown In Fig. 295. 



When clinker is more of a problem, the bottom of the producer is sealed 
in a water-filled ash pan and the blast is introduced through a tuyre in the 
center. In this manner, the clinkers are quenched with water and arc 
thereby softened so that their removal is simplified and the aslj removed 
while the producer is in operation. Such a type is shown in Fig. 296. 

With the use of bituminous coal that has a tendency to coke it is found 
that some method of agitating the fuel bed is desirable to keep a uniform 
condition. This advantage has been secured in several ways, the most 
common being when the top of the bed is stirred by means of water-cooled 
arms. Fig. 296 shows one type of water-cooled arm and Fig. 297 shows 
another. 

In order to keep the fuel bed in more uniform condition, mechanical 
devices have been used that wUl continuously agitate it and at the same 
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tiino rcMnovo tlie nsh. One method of seeurinp this is to rotate the whole 
hody of the producer, the top remaining stationary, and provided with a 
water seal; while tlu* base of tlie producer may be either stationary or 
allowial to rotate at intervals witli the ash. In a producer of this type 
wliieh is sljown in Fig. 290 tlie stirring arm operates in a single plane while 
tlie fuel be<l is rotated beneath it. A steel plate lifts the ashes from the base 
and discharges them over the side. Fig. 298 is a type of producer in which 
the main ImhIv of the producer is so fixed that the grates rotate. 

In this design the clinker is prevented from adhering to the walls of the 
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producer by using water-cooled steel plates in the combustion zone. 
This results practically in a steam boiler around the producer. 

Producers of this type are being extensively introduced for heating 
retort benches and coke ovens. Since they usually operate on small sizes 
of coke, there is no necessity for agitating the fuel bed at the top. 

The continuous introduction of the fuel is secured by mechanical devices 
such as those illustrated in Figs. 299 and 300; automatic feeding devices 
for these are shown in Figs. 296 and 297. 

The method of introducing and controlling the amount of steam and 
air arc usually of two types. The type more generally used is known as the 
low pressure type which consists of an air injector operated by a steam jet. 
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In this inannor hotli stoain ami air an* conirolh'il hy varsiiii: ilic- jjii's^urc 
applied at tho injector jet and l)y the h 5M‘ of various sizes of ontirc m ih«- 
jet pro{K*r. Fitj. 29C shows one* form of tins type of injector. 

In the so-called hit'll pressure* type shown in Fiir. 20S, the air is .sup¬ 
plied by cither a fan or a positive type* of blower r<*gulated l»\' a \ vnturi 
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typo meter. The Htoani is introduced separately and is usually provided 
with some form of metering device. 

A very great deal of study htis lx?cn given to methods of o|)eration 

that will .secure the maximum efTiciency. This has been found in general 

to be <le|)endent upon the maintenance of uniform condition in the fuel 

Ijcd and in maintaining a uniform supply of air and steam. In inanv 

% 

cases, the fusing point of ash is the deterinining factor in the amount of 
steam that must \yc admitted in order to keep the ash in a sufticientiv 
friable condition for easy removal. At the same time the teinj)eraturc 
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at 11)0 lower part of the fuel bed must be sufficiently high so that an exces¬ 
sive amount of unburned carbon is not lost in the ash. 

Satisfactory t'02 indicators arc now available, and the percentage of 
(■(>2 is a very accurate index in the general operation of the producer. 

Calorimeters are also available that will 




successfully handle the low heating value gas 
produced. In one form, a certain amount of 
iiydrogen is added to insure uniform combus¬ 
tion conditions. 

In normal operation there are three well- 
recognized zones in the producer pile. The 
top zone is fuel, which is undergoing distil¬ 
lation, the second zone is that of active 
combustion while the lower is the ash zone. 
By introducing iron rods into the fuel bed at 
the top, the approximate depth and condition 
of these zones can be ascertained. It is usual 
to carry the distillation zone from 6-in. to 
12-in. depth, the zone of active combustion 


from 12-in. to 20-in., and from 6 in to 10 in. of ash. The depth of the 


distillation zone will vary depending 
on whether the gas is to be quite 
free from tar vapors or whether the 
tar vapors are not objectionable. In 
cases where the gas is to be used 
hot the distillation zone may be in- 
creased to from 12 in. to 18 in. while 
the active zone is decreased to 6 in. 
to 8 in. 

In considering the actual oper¬ 
ation of producers, it appears, there¬ 
fore, that the efficiency is some func¬ 
tion of the rate of combustion per 
square foot, the temperature and the 
amount of water vapor used. With 
lower rates per square foot, lower 
temperatures can be carried, but the 
heating value of the gas is increased 
and somewhat higher efficiency is 



obtained. This would correspond to 
the combustion rate of about 20 lbs. 


Fio. 300. 


per sq. ft. of grate per hour. By increasing the rate per hour up to 
35 lbs., the temperatures are increased, the heating value of the gas 
is decreased and the efficiency is somewhat lowered. The following 













INDUSTRIAL GASES 


799 


table indicates some operating results which have been considered 
siitisfactory under the conditions. 


Table II 


Coal 

BiluminoiLs 

^Bituminous 

( 

i 

4 

Bituminous 

1 

Coke 

Low Tem¬ 
perature 

Per cent volatile. 

35 0 

31 0 

f 

32.0 

2 7 

36% 

Per cent a.sh. 

5. Go 

4 00 

7 0 

' 10 4 

5 5% 

Pounds coal jMjr sq.ft, of 

1 

1 




grate. 

10 9 

31 4 

24 00 

20 0 

20 Olbs. 

II jO used |>CT lb. coal. 

.28 

.20 

2.5 

.01 

9.4 lbs. 

Analy.sis of gas 






III. 

.4 

Nil. 

Nil. 

Nil. 


Co.' 

1 

22.6 

31 6 

11.0 

25.7 

21 0 

H,. 

12 6 

11 0 

24 0 

14 4 

20 5 

CH*. 

2.7 

3.0 

3 0 

1 0 

4 9 

CO,. 

5 9 

2.4 

17.0 

7 1 

$ 3 

O, . 

. 1 



1 


N, . 

55 7 

51 4 

45 0 

1 

« A 

51 7 

45 3 

B.t.u. high. 

148.00 

169 00 

150 00 

141 00 

183 00 

B.t.u. low. 

138 00 

152.00 

138.00 

1.32 00 

107 00 

EfTu’iency hot. 

92 33 



80 00 


Efiioiency cold.' 

77.00 

' 76 00 

05 00 

79 00 

78 00 

Temperature gas. 

1400* F. 

12.50* F. 

700* F. 

100* F. ! 

300* F. 

8uli)hntc of ammonia, 


1 

1 

1 




nounds ncr ton 


1 

80 00 

Nil 

fin 

Tar, gallon.s per ton. 



10 0 

Nil. 

1 

17 8 gal. 


Where the production of tar as a by-product is desired, the operation is 
is somewhat modified. The height of the distilling zone is very much 
increased, and the operating temperatures lowered. 

Producer gas tar very closely resembles low temperature tar. In fact, 
in its chemical characteristics it is more like a crude petroleum than a 
coal tar. The gravity of this tyjjc of tar will vary from about .98 to 1.10 
which is characterized by a relatively high percentage of tar acids and a 
rather low percentage of pitch. The tar acids will vary from 13 to 40 per 
cent and the oil to coke from 60 to 70 per cent. Pitch will run from 27 to 
40 per cent. The pitch is usually unsatisfactory when compared with 
that produced from coal tar. 

Typical distillation shows: 

Oil up to 170® C.7 per cent 

Oil up to 230® C. 4.0 per cent 

Oil up to 270® C. 10.0 per cent 

Oil up to 300° C. 18.1 per cent 

Total oil to coke. 60.1 per cent 
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By proatly inoroasing the amount of steam used in a producer, the 
ammonia production can be ver>' greatly increased. This method of 
operation was developed by Mond. In this scheme, the fuel bed is from 
2 to 3 ft. deeiK'i- than in the nonnal producer. The hot gases pass through 
a heat exchanger whereby the air is sui^rheated so that it will carry 
about 2..J lb. of water j^er pound of coke. By oiierating in this fasliion, 
about 135,000 cu.ft. of gas i>er ton of coal is produced having a heating 
value of from 135 to MO net and about 80 lbs. of sulphate of ammonia per 
ton. The gas will have about 11 ixjr cent carbon monoxide, 26 per cent 
liydrogen, 3 |)er cent methane, 17 per cent C'02, -15 per cent nitrogen. 
While this method of operation has been quite extensively carried on 
abroad, commercial exix’riments in this country ap]iear to indicate that 
while the American coals contain as high a iiercentage of nitrogen as the 
foreign coals, the nitrogen apparently must be in a different form in the 
coal substances, because it has not been possible to increase the yield of 
ammonium sulphate to that I'cachcd with the foreign coals. 

For many heating operations the protlucer gas is transmitted directly 
to the furnace in firebrick lined pipes and is used hot without removing the 
dust or tar vapors. For use in gas engines, for the production of power, 
the most elaborate cleaning systems arc in use which cool the gas and 
remove all the dust and tar vapors. 

Where producer gas is quite dry the dust is usually removed in some 
form of centrifugal tlust catcher similar in design to the separatore used to 
remove condensed water from steam. The removal of the dust is usually 
all that is done where the gas is used for heating gas retorts or coke ovens. 
In the more elaborate cleaning systems the gas is washed in towers filled 
with coke or wooden grids. Centrifugal fans, the P. & A. type of tar 
extractors and more recently the electrical precipitators, are used for the 
removal of the last traces of tar. One system of tar removal that has been 
quite successful utilizes scrubbers fitted with glass wool. The low heating 
value and the high percentage of nitrogen has prevented the use of pro¬ 
ducer gas to any extent as a city gas. 

Blue Gas. Blue gas or uncarburotted water gas, owing to the high 
flame temperature that is developed without regeneration or pre-heating, 
has found an increasing use in a number of industries. Wliilc the theo¬ 
retical flame temperature is nearly 3500® F., temperatures up to 3000 F. 
can easily be reached with modem direct fired equipment. 

Blue gas has been used very extensively for welding when it is 
particularly valuable, due to the fact that it does not deposit free carbon. 
For forge work specially where the heat can be applied directly on the work, 
the combustion mixture can be readily controlled so as to prevent the 
presence of excessive free oxygen. Other uses may be enumerated as 

follows: 

For heat treatment, 

Muffle furnaces, 
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Enamolinji ovens, 

Metal melting, 

Glass making. 

As will be mentioned in several of the sueeeeding paragraphs, blue water 
gas is used as the raw material in several processes for th(‘ generation of tin* 
hydrogen. It can also be used to advantage in the heating of coke ovens 
as its heating value: 300 B.t.u., is sufficiently high. 

While th(; general subject of the protluction of blm* gas has been cov¬ 
ered in the manufacture of carburetted water gas, the manufacture of blue 
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gas alone introduces some modifieations of the o|x*rating procedure due, 
to the fact that it is not necessjxry to provitlo heat for the decomposition 
of the oil as in the carburetted water gas proc(^. Fig. 301 illustrates 
a modem gas apparatus without waste heat boiler. 

It will be noted that tliLs apparatas consists simply of a generator with 
slack valves and wash lx)XC8. The production of blue water gas is a cyclical 
one in whicdi a l>ed of coal or coke i.s raised to a predotorinined high tem¬ 
perature by a blast of air passing upward through the coke, which portion 
of the cycle is called the blow, and then by piis-sing steam cither up or down 
through the fuel Ijed which portion of the cycle is known tis the run. 
During the first pf>rtion of the blow, the oxygen of the air combined with 
the carbon primarily to form carbon dioxide while at the end of the blow 
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when tlic temperature of the fuel bed has been raised to a high point, a 
certain amount of earbon monoxide is produced. 

The fonnation of carbon dioxide which takes place according to the 
equation C + 02 = C’02+97.65 calorics is highly efficient in raising the fuel 
temperature, wlule the formation of carbon monoxide, 2C+02 = 2C0+58.8 
calories, not only gives off a relatively small amount of heat but carries 
from the generator a large proportion of carbon in the form of carbon 
monoxide. 

The rate of gas production depends on temperature, the higher the 
temperature the greater proportion of steam decomposed with the fonna¬ 
tion of carbon monoxide and hydrogen; while at the lower temperatures 
the proportion decomposed is lowered and more carbon dioxide is formed. 
In the blow portion of the nin, the higher temperature of the fuel bed 
increases the sensible heat of the blast products, resulting in an increased 
]X'rccntage of carbon monoxide with subsequent lowering of the efficiency 
of this stage of the cycle. 

In attempting to secure the maximum efficiency, it has been found that 
the shorter the blows, the greater the overall efficiency. Short blows with 
hand operation were difficult to handle, but with the automatic control the 
length of the cycle can be very much decreased and blows as short as a 
minute or even less are entirely practicable. In this way, the whole fuel 
bed is maintained at a more uniform temperature and this results in high 
capacity and decreased trouble from clinkers. By the addition of a waste 
heat boiler the carbon monoxide that is necessarily made during the blow 
is ignited and burned in a small vessel in front of the boiler called the 
ignitor and the greater proportion of the sensible and latent heat of the 
blast products recovered in the form of steam. Fig. 302 shows a modern 
blue gas apparatus with waste heat boiler. The chamber between the 
boiler and the generator is the igniting chamber. This is filled with 
checker-brick and is provided with blast connections to secure complete 
combustion of the blast gas. 

Coke is the usual fuel for the manufacture of blue gas, which, with 
efficient operation, can be manufactured from 36 lbs. of coke, and about 
30 lbs. of steam per thousand. The gas will have the following composi¬ 


tion. 

Carbon monoxide. CO= 43.5% 

Hydrogen. H 2 = 47.3% 

Methane. CH4= 0.7% 

Carbon dioxide. C02= 3.5% 

Oxygen. 02= 0.6% 

Nitrogen. N 2 = 4.4% 

Specific gravity. = .659 

Calorific value. = . 302 

Flame temperature (calculated). = 3470® F. 

Specific heat. = .45 
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Recently, the use of SO to 00 i>orcent bituminous coal and 10 to 20 per 
cent coke has in some localities indicate<l a reiliiced c(jst o) fjeiierator fuel. 
While tlio mixture of bituminous coal atii) e(.k<' has sliiihily reduced llie 
capacity of the machine, tlie heatiii}' value of the [-(‘sultiim ^as is sli;;liily 
hi^'her than tliat produced from ((ike alota-. This is due to the trap's 
produced by the distillation of coal at the top of the fuel bed. With the 
automatic control of blue gas ojxration. the \ailati«in of temiieratures 
throughout the fuel bed are held uithin v<av narrow limits. 'I'his results 
in liigber efficiencies, a more imifortn (ptality of gas. an<l eliminates the dif¬ 
ficulty in the removal of clinker. Th(‘ air and steam used ;in' b(,ih metered 
to insure the proper profMjrlion wliich is e.-s-ntial for unifoiin operation. 



Fro. .302. 


Ry tlie u.se of waste heat boiler, all of the steam iiece.ssary in operating 
tlio apparatus can be produced, so that Iry the us<? of oh'clricalK' 
driven blowers and cxirausters, the nece.ssity for fuel fired Ijoilers is 
eliminated. In Fig. 303 is a typical layout of a modern blue ga.s plant 
with waste heat boilers. 

Pintsch Gas. Pintsch gas i.s a compre.s.scd oil gjus of high illuminating 
value and is used almost exclusively for lighting railway cars and to some 
extent for buoys. The incrca.se in the use of electricity for car lighting 
and the development of propane and butane luis resulted in the practical 
abandonment of manufactured Pintsch gas. 

In this system the oil is first decomposed in a double iron retort, set 
in a regular coal ga-s Ircnch, an outline sketch of which is shown in Fig. 304. 
The oil is introduced at the front of the upper retort and falls upon a 
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movable trav, which collects most of the carbon formed. The gas and 
vapors thus produced pass to the back of the upper retort down and out 
through the lower retort to a hydraulic main located in front of the bench. 
The crude gas is passed through a dry scrubber, condenser and puriher 
anrl after metering is collected in a low pressure holder, very similar in all 
respects to the processes employed in condensing and purifying coal gas. 
The gas is then compressed, generally in a two-stage compressor, into the 

storage cylinders. Every pre¬ 
caution is taken to remove the 
condensation thrown down by 
the compression, so that the 
gas in the cylinders will Ijc 
thoroughly drj\ The pressures 
employed vary from 10 to 14 
atmospheres, the latter figure 
being common in the United 
States. In some plants, fire¬ 
clay retorts arc employed; in 
these the oil is passed through 
the back of the retort and is 
taken off at the front, so that 
a single retort suffices. The 
ordinary form of earburetted 
water gas apparatus has been 
used also in the manufacture 
of Pintsch gas. After the reg¬ 
ular blow, instead of turning 
on the usual supply of steam, 
only a very small amount is 
used, just sufficient to clear 
the machine of the oil gas made. 
The success of this work has 
resulted in the adaptation of a 
special form of apparatus for 
generating the Pintsch gas, 
Fio. 303. very similar to the apparatus 

employed in California for the 
manufacture of oil gas. In this case, however, the fuel used in the 
heating run is a tar obtained as a by-product. This is injected into the 
top of the generator with steam and air until the proper temperature is 
acquired, then gas oil under pressure is injected, when the vapors formed 
pass down through the heated checker-brick, and are subjected to the same 
transformations that occur in the water gas set. The heating period is 
about 5 minutes, the gas-making period from 6 to 8 minutes. About 
1500 cu.ft. of gas are made per run. It has been found that the candle 





power is increased l)y al)oul 10 f)er cent over that obtained in the retort 
form of iipparatus. A late development of the system is a fjeneration of 
the gas at high pressure, Fig. 305, in a generator built of lieavy steel plates, 
so that the whole ojx'ration takes place at high pressure. A .small amount 
of steam in this type of apjwratus is injected with the oil. The steam acts 
as a carrier, but does not react with the oil or carbon formed, as the tem¬ 
perature, about 070®, is too low for the reaction to take place. A mi.xture 



Flo. 304.—Pinl.sch Ilctort Bench. 


of gas, tar and water is charged into Ihestorageholder at a pressure of al>out 
14 atmospheres. It is purified under pressure and then stored directly 
into the cylinders. The average composition of llie compressed gas is as 
follows: 

Methane. 50 to GO per cent 

Illuminants. 30 to 40 

Carbon monoxide. *5 


Hydrogen. . 
Sp. gr. from 


3 to 5 
78 to .85 
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The candle power of the pas when tested in open flat flame humors 
does not do the pas justice, :is it only averages about 40. 

The design of the Pintsch regulator and its perfect operation under 
severe conditions has contributed very greatly to the successful appli¬ 
cation of the Pintsch system. 

At present in addition to its use in railroad lighting, it is extensively 
employed in buoy lighting. The pas under a pressure of 100 atmospheres 
is compressed in cylinders which form the body of the buoy. On one 
gas charge these buoys were run to 528 days. These buoys can be pro¬ 



vided with automatic mechanism so that the light can be operated either 
as a continuous light or in any desired sequence or flashes. 

Blau Gas. Another modifleation of the Pintsch gas is known as 
Blau gas. In this process the oil is decomposed in the retorts, as in the 
manufacture of Pintsch gas. The gas is purified and then compressed 
to 100 atmospheres, so that the greater portion of it liquefies. Under 
this pressure the liquefied hydrocarbons probably absorb and hold in 
solution some of the olefines and paraffines that would normally be gases 
at this pressure. The oil is gasified at a rather lower temperature than 
that ordinarily employed in the manufacture of oil gas. The fixed gases 
that are left after compression are used in operating the machinery neces¬ 
sary in the manufacturing operations. The liquefied gas has a specific 
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gravity rcforrod to water of .50. The liquid is sold ordinarily in seainlc.'^s 
steel flasks that hold 45 aiui 10 kg. The gas is first expanded from lOt) 
atmospheres down to about 10, and is then expanded again to 10 or 12 
in. water pressure. One gallon of the liquefie<l gas will yield about 
28 cu.ft. of expanded gas. There will remain, however, a residue that 
may run up to 9 per eent. The following may be taken as a tyjiical 
analysis of the exiiunded gas: 


Illurninants. 51.0 |K‘r eent 

CO.1 

lU . 2.7 

M<‘thane and etlnine.44.1 

C-02.0 

0-2 . 0 

Nitrogen. 1.2 

Specific gravity. 1.02 

Heating value. 1704 H.t.u. 

Flat flame, calculated at 5 ft. per hr. 4S.25 


It will be noted that this gas is slightly higher in illurninants and 
heating value than the Pintsch gas, and Is, therefon*. slightly more con¬ 
centrated. It has found some application for use in i.solated localities 
and marine lighting. 

Dayton Process. Another process for producing oil gas for industrial 
use is that known as the Dayton process. In this process the oil Ls gasified 
in an iron retort and the heal neces.s{iry is supplied by the combustion in 
the retort itself of a fwrtion of the product.s formed by the admixture of a 
regulated amount of air with the oil. The products of this combustion 
appear in the finished gas. In a plant for the production of 80,000 cu.ft. 
a day, the retorts are 2-1 in. long and 4 in. wide. They are set in a fire¬ 
brick lined furnace, provided with an auxiliary heating device to bring 
them up to the oix?rating temperature. When this teiniicraturc is attained, 
the injection of the oil-air mixture is commenced and the auxiliary bunier 
disixjntiniied. 

The heating value of the gas may lx* varied somewhat, but a typical 
sample has a heating value of about 472 B.t.u. and with tin? following com¬ 
position: 


]j|. 12.25 per cent 

CO. G.9 

H2. 00 

CH4. 5.12 

C2Ki. 0.07 

CO 2 . 2.74 

O 2 . 0.0 

N 2 . 66.6 
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For tlio production of such gas, 4 gallons of oil per thousand arc used 
and there is a small amount of tar pro<luce(.l, about J gallon i)er thousand. 

The gas passes from the retorts tlirougli the scrublxjr, condensers and 
tar extractor. Tliis gas has a very high specific gravity. 

With tlie possibility of producing oxygen of high purity at considcrably 
lower costs than at present, some attention has been given to the possi¬ 
bility of using it in connection with oil to produce an oil gas of relatively 
high heating value. A lower content of nitrogen would thus 1)C possible 
than by the \jse of air. Some preliminary tests indicate the possibility of 
making a gas of the following composition. 


Illumin.'mts. 

C'ar))ori monoxulc.. . 

Ilytlrogen. 

Methane. 

C’arbon dioxide. 

Oxygen. 

if rnfvoii 


. 6.0 per cent 

. 42..5 

.23.5 

. 18.9 

. 6.7 

. 0.6 

. 1.8 

B.t.u. 


.545. 


Such a gas would require approximately 5 gallons of oil and 270 cu.ft. 
of oxygen per 1000 cu.ft. 

Gasoline Gas. Gasoline gas is a mixture of atmospheric air and light 
hydrocarbon vapor in varied percentages generally above the explosive 
limit. This gas has been dcvcloi)ed to meet the requirements of isolated 
localities where the quantity of gas required is small, so that the installa¬ 
tion of the usual form of coal or water gas apparatus would not be profitable. 
There are two general sj'stcms used in its manufacture; one system operates 
in the cold while the other system employs heat to aid in the vaporization. 
Gasoline or carburetted air gas differs from the ordinary forms of coal gas, 
water gas or oil gas due to the fact that it is a simple mixture of the vapors 
of a liquid hydrocarbon which is not changed chemically in the vaporiza¬ 
tion. In the cold process where the air is not heated, a very light grade 
of gasoline must be employed, while in the system employing steam or other 
source of heat to assist in the evaporation the less expensive naphthas may 
be used. 

It is essential in either process that the hydrocarbon should be entirely 
vaporized and should contain no traces of tar which would otherwise stop 
up the apparatus and give trouble in the burners. The gasoline with a 
Bp.gr. of about .65 is usually employed in the cold system. While this 
leaves a small residue it is not sufficient to cause serious trouble. 

The volume of vapor that can be carried by a given volume of air 
depends upon the temperature and rises very rapidly with increase in 
temperature. The data relating to this point are rather meager and 
frequently somewhat contradictory, but in general, the air can be 
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dei>enclod upon lo carrj' over 10 per cent of the vapor, even at low tem¬ 
peratures. 

Tiie i^ercentapc carried is important in that it must either he lower 
than the explosive limit, tliat islessthan about 1?. jx'r cent, or higher, that 
is above 6 ikt cent. In this country-, the usual practice is to produce a 
mixture containing over 6 |)er cent of the gasoline vapor, the mixtures 
averaging from oj to G gallons of gasrjline per thousand feet of the mixture. 
This would give a gas containing over 13 per cent of vafx)r, which is amply 
safe from explosion and which would give about IG candle power in the 
Argand burner and will iiave a calorific value about 570 B.t.u.’s. It can 
therefore be employed for eitlier lighting or heating. 

During the hist few years a number of systems have been exploited, 
using heat to assist in the vaiiorization of the heavier grades of naphtha. 
These naphthas have a gravity of from .G9 to .71. These machines 
either use steam or a small flame fed from the machine itself. They 
are generally provided with automatic devices so that their operation 
is very simple. 

The great disadvantage of these systems is the fact that the gas has a high 
sp.gr., alKJut 1.2G, so that in case of leak it does not rise nipidly and is thus 
less readily dissipated by the ordinary means of ventilation. The pipes 
that are used to convey it arc generally of large diameter and care must 
be tikon to prevent exposure to cold draughts, as the gasoline vapor 
present has a tendency to condense out at temperatures l)eIow 40® F. 
and sliould any vmliimc of the contlensate eolloet in the pipes it would be a 
source of dang(>r, in case it pa.s.sod over to the burners. 

Another recent development Is the use of mixtures containing Ic.ss 
than ix*r cent of gjisolinc vapor that is below the explosive limit. Such 
mixtures although low in heating value may be used with a Wclsbaeh 
mantle without further admixture of air. 

Hydrogen. For many years, the industrial demands for hj'drogen were 
limited to the relatively small quantities used in o|x?rating o.xy-hydrogcn 
lamps used for projection purposes and for use in the oxy-hydrogen blow¬ 
pipe for melting refractory materials. 

With the introduction of the hydrogenation process for hardening fat, 
the development of the synthetic process for the formation of ammonia 
and the use of hydrogen as a reducing agent in the mjinufacture of a*rtain 
metals such as tungsten, the demand for hydrogen has increased to such a 
point that its manufacture has become an important industry. While a 
certain amount of hydrogen has l)een used for many years for the inflation 
of balloons, this has usually l>een manufactured by chemical processes in 
portable plants and will not be considered in this chapter. 

The early methods for the manufacture of hydrogen were usually 
chemical ones, such as the decomposition of acids with metals, usually 
zinc and sulphuric or hydrochloric acid. Considerable work ha<l been done 
on the decomposition of steam by metallic iron contained in heated retorts 
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and tliis process at the present time known as the iron steam process is 
probably the most widely used. It consists briefly in reducing oxide of 
iron to a metallic slate by means of water gas and then passing steam over 
this iron which is heated externally to about 1200° F. 

The following equations are \isually assumed to hold in this reaction. 
The iron oxide is initially assumed to be a metallic oxide, Fe 304 and its 
reduction to metallic iron takes place in two stages, viz., 


and 

and 

and 


Fe304 + H20 = Fe20+H2 = 3Fc0+H20 

Fe 304 + CO = 3FeO+CO 2 
3FeO+ 3 H 2 = 3Fc+ 3 H 2 O 
3FoO+3CO = 3Fo+3C02. 


or we may summarize the reduction of the iron ore to iron by water gas as 

Fe 304 +2CO -J- 2 H 2 = 3Fc+ 2 CO 2 + 2 H 2 O -18,000 calories. 

This stage of the process would be called the reduction stage. 

The second stage of the process or the making stage may be represented 

3 FC+ 4 H 2 O = Fe3O4+4H2+38,400 calories. 

These reactions have been very carefully studied in an experimental way 
and the relative proportion of hydrogen and carbon monoxide consumed is 
shown in the following table: 


FcjO< —FeO —Fc Equilibrium * 


Fej 04 —FeO Reaction 

Per Cent CO Used 

Water Gas : Hydrogen 

Temperature 

Per Cent H| Used 

570" C. 

27 

47 

2.7 

650" C. 

41 

55 

2,1 

750" C. 

68 

67.5 

1.6 

850" C. 

76 

75 

1.33 

FeO—Fe Reaction 

1 




Per Cent CO Used 

Water Gas : Hydrogen 

Temperature 

Per Cent H* Used 



670" C. 

27 

47 

2.70 

650" F. 

30 

44 

2.70 

760" C. 

35 

40 

2.55 

860" C. 

38 

36 

2.70 


*Chaudron—Annoles de Chemie, 1921. 
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Due to the fact that the gases probably do not come into complete 
equilibrium, which is caused by the variable reaction time and by the change 
in characteristics of both the iron and the water gas, too mucli reliance 
cannot be placed on tlie equilibrium measurements as applied to practical 
operation, but they are of great interest as indicating the mechanism and 
course of the reactions. 

There is another reaction which may take place that is of considerable 
importance iii connection with the purity of the hydrogen produced and 
this is the equilibrium between carlx>n monoxide, carbon dio.xide and 
hydrogen in the sense 2C0 = C 02 +C, which indicates that under certain 
conditions carbon may be deposited on the iron. Since this carlx)n would 
combine with steam in the making portion of the cycle and give CO, 
this reaction is to bo eliminated as far as possible and several methods of 
operation have been suggested to avoid the deposition of carbon. One of 
thc.se proposes the use of a water gas containing a ratioat the temperature 
of operation so that no carbon would be deposited. 

Another system part iallj' burns the blue gas Ix'fore using it as a reducing 
agent while still another system adils a certain proportion of steam to the 
blue gas in order to prevent the tieposition of carbon. 

It has been found that tlie relative occurrence of the im))uritics in the 
hydrogen made by the steam iron process are in accordance with the water 
gas reaction, viz., C 0 +H 20 = C 02 +H 2 . 

There arc several types of apparatus in use at the present time for currj'- 
ing on the iron steam process. These may be divided into two types. 

In the first, the iron ore is contained in a relatively large number of 
externally heated retorts, while in the second type the ore is contained in 
a single large shaft in an internally heated furnace. 

The Lane System. The Lane system is an example of the first tyj)e of 
apparatus which has been used in the commercial production of hydrogen. 
In this system, the generators consist of 30 cast-iron retorts, the main 
portion of which is about 9 ft. 9 in. long, 9 in. intcnial diameter and 12 in. 
external diameter. These arc set in a furnace approximately 14 ft.Gin. 
long, 10 ft. wide and 10 ft. deep. 

A bench containing 36 retorts has a rated capacity of 3500 cu.ft. of 
hydrogen per hour. The retorts are set in three rows of 12 retorts each 
and provided with appropriate systems of piping and valves so that three 
cycles of operation are possible. 

Blue gas which is used as a reducing agent passes in at the bottom of 
the retorts and is discharged from the top. From the retorts, the spent 
reducing gas, which carries a large amount of water vapor, passes to atmos¬ 
pheric condensers, where it is cooled and the greater portion of the water 
vapor removed. From the condensers it passes through an appropriate 
system of piping and burners to the interior of the furnace, where it is 
burned to maintain the temperature necessary for the reaction. It has 
been found that the reduction phase is much slower than the making por- 
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tion of the eyclc. The retorts arc arranged so that while one set is making, 
two sets will be reducing. In this manner, with three sets of retorts, oath 

retort is on the making cycle every half hour. 

At the end of the reduction period, tlie retorts and piping are full of 
spent reducing gas, so that when the steam is first turned into tlie retorts 
tlio hydrogen formed drives out the reducing gas and this is allowcil to 
purge for from 15 to 20 seconds. The valves are then changed and the 

hydrogen passes to the purifying system. 

The making portion of the cycle is usually one-half of the reducing 
portion of the cycle. Twenty minutes’ reduction, ten minutes’ make, 
twenty seconds’ purge are the usual running conditions. The rate of pro¬ 
duction of the hydrogen, however, varies quite widely during the making 
portion of the cycle. At the l>eginning of the cycle it is usually from 
to 3 times as rajud as at the end. It has been found that by cutting the 
reduction i)eriod to ten minutes and the making period to five minutes 
that a slightly increased production can be obtained, say, 4000 per hour, 
but the purity is slightly lower. 

In order to eliminate the effect of the dcjwsition of carbon in the iron, 
which lowers the purity due to the formation of carbon monoxide, and also 
to eliminate any sulphur which may be deposited during the reduction 
period, it is usual to bum out the retorts with on air blast for ten or fifteen 
minutes after eight hours’ operation. Under the influence of the air blast 
the carbon and sulphur arc both consumed, but the iron is oxidized so tliat 
the buming-out pc-rioil is followed by a reduction period and the retorts 
again resume their oix?rating cycle. 

The hydrogen as it leaves the retorts may contain several per cent of 
carbon dioxide and traces of sulphur compounds. These may be removed 
by several methods of treatment, but for the ordinary commercial hydrogen 
the gas is purified by condensation and scrubbing and is then passed through 
purifier boxes containing moistened hydrated lime. This will remove 
carbon dioxide and traces of sulphur compounds. In order to prevent 
deterioration of the iron mass, the blue gas used is also purified from traces 
of sulphur compounds by treatment with hydrated oxide of iron. In 
the Lane plant there are two benches containing 36 retorts each, 2-6 ft. 
blue gas generators, a small holder for the blue gas, 15,000 cu.ft. capacity, 
and a holder for hydrogen of about 10,000 cu.ft. capacity. The purifica¬ 
tion boxes for the blue gas consist of four 16-ft. square boxes by 4 ft. 
deep while the purification for the hydrogen is four boxes 10 ft, square and 

4 ft. 6 in. deep. 

The reduction mass is composed of a carbonate iron ore, which is used 
in lumps from 4 in. to 6 in. in diameter at the bottom graduating to 1^ 
to 2 in. at the top. Each retort holds about 300 lbs. of ore. 

The purity of the hydrogen produced by this process depends somewhat 
on the cycle of operation and the temperature, and the following table 
shows some operating results: 
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(JFEltATIXG RESULTS. LAXE PROCESS 


'rempera- 

Make pc»r 

1 UcHliicing 

Making 

Purge, 

Steam per 

j W.G. ; 11. 

1 

Purity H: 

tun; ® I'. 

Hr. Cu.ft.! 

' Feet 

Ft‘et 

IhcIkxs 

.M Ll)i». 

j Per C\*nf 

IIGS 

37.)S j 

10 

0 

i ir, 

113 .5 

2 S4 

00 .■»;{ 

119G 

37«0 i 

10 

5 

1 1.^ 

1 tl) 7 

2 70 

99 01 

12.W 


10 

5 

' 

133 7 

2 OX 

9<) OS 

1272 

405.=3 

10 

5 

1.5 

131 5 

2 07 

1 

99 70 


In considoririK the elTicienoy of this type of apparatus, the reactions are 
slightly exothermic, hut there is not sufficient lieat to hring the products of 
the reaction up to tlie ojx'rating fem{)erature, so that some of the heat 
s<‘cure(l by the I>urning waste reducing gas is actually utiliml in the 
process. 

Tlie ratio l)etween the water gas used atnl the hydrogen produced 
may vary at the higlier temperatures from 1.33 to 2.7, but practically it is 
somewhat liigher than tliLs and will usually vary from about 2.2o to 2.4 
on fresh oxi«le to 2.05 to 2.75 on old ore, the average figure being in the 
neighborhood of 2.5. 

While the rate of production is somewhat higher and the purify of the 
hydrogen is also .soinewfiat higlicr at high tomperatun's, it has appeared 
advantageous to ke<>p tlie o|XTuting t<'ini>(*ratures betwetm 1150 and 1200® 
F. An example of the single retort tj^pe of apparatus is tliat known as the 
Mes.serschini(it. The generator is shown diagrammatically in Fig. 306. 

3'he iron mass is introduced into the cylindrical iron retort fonned 
by the c<jncentric iron cylinders A through the filling doors F and F'; 
it may l>e removed for replacement through the lower doors. In order 
to heat the apparatus and reduce the iron oxide to metallic iron, blue 
gas made in a separate generator by the decomposition of steam by 
incandescent coke is introduced at the bixse of the inner cylinder at /J, 
and partially burned in contact with the checker-brick filling, by air intro¬ 
duced at C. This combustion serves to raise the temixTatiire of the 
iron oxide to a point at which the unbumed CO and H 2 of tlie blue gas 
in passing down through the heated oxide will react and reduce the oxide. 
The products pass upwards again around the iron retort and any unburnod 
gas is consumed with auxiliary supplies of air introduced through D, Dl, 
02, D3; this heats the firebrick lining of the shell and equalizes the tem¬ 
perature in the apparatus. 

The products of combustion pass out through the flues //, the pipe /, 
the stack value J, to the stack K. When the temperature of the mass 
has been raised to 700®-800® C. and the iron is reduced to the metallic 
state, in accordance with reaction 2 FeO+CO+H 2 =2Fe4-C024-H20, 
the blue gas and air is shut ofif and a small amount of steam is turned on at 
P to purge the apparatus, when hydrogen appears at the stack valve the 
valve is closed and the ste^ shut off at P and is turned on at O. The 
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steam in passing around the outer passage is superheated and in passing 
up through llie heated iron is reduced with the fonuation of hydrogen in 
accordance with Fe4-Il20= FeO + IIa. 

The hydrogen passes out tlirough the pipe L to the water seal //, and 
through the pip(‘ N to the purifying apparatus. The heating and reduc¬ 
tion stage rcMjuire about twenty minutes, the generation of hydrogen about 



STCAM 

* Fiq. 306.—Messorschmidt Hydrogen Generator. 

fifteen minutes. The cycle is then continued. The temperature is con¬ 
trolled with pyrometers and the large mass of checker-brick in the inner 
cylinder and the heavy firebrick lining of the shell serve as a heat storage. 

The hydrogen is cooled and freed from dust by washing with a water 
spray; CO 2 is removed with lime and H 2 S with iron oxide. 

Owing to the fact that it is more difficult to purge an apparatus of Idiis 
type, the purity of the hydrogen is rarely much,above 99 per cent. 
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There are several other designs of apparatus, one of wliich is the 
Pinfsch. In this design, the contact mass may he made up in the form 
of bricks which arc stacked similar to checker work in two cylindrical 
generators. The operation, however, is the same in general as in the 
Lane. 


Ajiother method of producing hydrogen which utilizes blue gas as its 
starting point is that which takes advantage of the water gas equilibrium. 
By mixing the blue gas with steam and bringing it in contact with suitable 
catalysts, the ratio between the carbon dioxide and the carbon monoxide 
can be changed, so that after the removal of the carbon dioxide by i)urifica- 
tion, hydrogen of the required purity can be obtained. 

The equilibrium condition in the water gas reaction can be expressed 
as follows according to Haber: 


pCOxpHaO 

pCOiXpHa 


or log K = ~ 


2232 

T 


- .08463 log T - .0002203 'J'X 2.5084 


By adding steam to the blue gas wc may make the ratio so larg(‘ 

CO 

that the ratio of will be decreased sufficiently at equilibrium, .so that 

with the increase in carbon dioxide from the reaction the percentage of 
carbon monoxide wll be reduced to a satisfactory value. In order that 
this reaction will be commercially successful, a verj’ active catalyst is 
rcfjuircd so that the reaction can take place rapidly at a low temperature 
and a relatively high ratio of steam to hydrogen be used. It is possible 
to reduce the carbon monoxide in this process to approximately 1 j)or cent. 
The amount of steam to be used depends upon the activity of the catalyst 
which is usually some form of iron oxide activated with chromium or 
thorium. The amount of steam usc<l with fresli material may be as low 
as three volumes to one of hydrogen and as the reaction mass becomes le.ss 
efficient, the steam hydrogen ratio may be increased to 5 or G. Tin? reac¬ 
tion when operating in this direction is usually sufficiently e.xothennic to 

maintain the operating temperature by the use of a relatively small heat 
exchanger. 

Mother method of treating water gas consists in passing the gas over 

calcium oxide at a temperature of 000® to 1000® F. The calcium oxide 

removes the carbon dioxide even at this temperature and although the 

COz-CO ratio is not changed, yet the absolute percentage of CO 2 may 

be reduced to a very low figure for CO. By operating in this manner at 

950® F. the CO may be reduced to as low as .2 per cent, and it is claimed 

that hydrogen content of Q7\ per cent can be obtained. The amount of 

lime required is naturally quite high and the fact that it would disintegrate 

rapidly in handling may be a serious disadvantage in the technical opera- 
tiDn of this process. 

Considerable work has been done in Germany on the puriBcation of 
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blue k;is for the production of commercial hydrogen by fractional distilla¬ 
tion of the li(Hicftcd product. The gas after preliminary purification from 
iU'S, ('Oi- and water vapor is liquefied in a column similar to that described 
under the manufacture of oxygen. Advantage is taken of the difference in 
the boiling point or the constituents. Carbon dioxide boils at -78° C., 
CO - 190° C., nitrogen at —193°, while hydrogen boils at -252° C. In 
this manner, the hydrogen may be separated at a purity of 97 to 97^ per 
cent with 1.7 to 2 per cent of CO 2 and from 1.8 per cent of nitrogen. 
The carbon monoxide tliat is pnxluced is usually utilized in internal com¬ 
bustion engines as a source of power. 

The thermal decomiiosition of hydrocarbons has also been utilized 
to produce hydrogen, but. the hydrogen thus formed has usually been of 
relatively knv purity. A German process utilizes acetylene, while ordinary 
coal gas passed through the generator of a blue gas apparatus can be decom¬ 
posed to form hydrogen having a purity of about 80 to 82 per cent. By 
decomposing oil in an apparatus similar to that used for the manufacture 
of carburetted water gas, about the same degree of purity can be obtained 
as with acetylene; while with special apparatus provided with very high 
melting-point refractories and utilizing a ver>' pure form of carbon as fuel, 
it is possible to secure a gas of the following composition: 


Hydrogen 

CO 2 . 

Methane. 
Nitrogen. 


96.3 per cent 
2.3 
1.2 
0.2 


In order to secure gases of this purity, it is necessary to operate at 
very high temperatures in what would correspond to the carburetter of a 
carburetted water gas set. These temperatures are approximately 15(W° 
to 1600° C. and at such temperatures it is difficult to prevent the disin¬ 
tegration of refractory materiab. 

When the hydrogenation of oil was first introduced, it was believed 
that very high purity of hydrogen was required and the hydrogen was 
produced generally by electrolysis. The power requirement which depends 
upon the electromotive force depends upon the electrodes and the solution. 
With platinum electrodes, the voltage should be in the neighborhood of 
1.23 volts, but due to the phenomena kno^vn as over-voltage, about 1.7 
volts are actually required wth platinum electrodes and a solution of 
sodium hydroxide. Both iron and nickel have a sUghtly lower over¬ 
voltage, of the order of .08 to .12 of a volt, so that apparently a nickel- 
plated anode and an iron cathode represent the most practical commercial 
materials. 

The figures quoted for E.M.F. apply to commercial cells where it is 
necessary to overcome certain resistances in the cell itself. In order to 
overcome this resistance, additional voltage must be used so that from 2 
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to 4 volts arc required p<T cell to secure tlje required flow of <urrent. 
Theoretically, we may. therefore, expect that 1 kilowatt hour will produce 

% droj;<'ii and 4.704 cu.ft. of ox\q«;en. practically. w<‘ 
do not expect to .secure tnorc tluui cu.ft. of o.xy^en and 7 cu.ft. of hydro¬ 
gen jx'r kilowatt hour. 

In order to separate the gase.s produced at the anode aiul cathode the 
design of tlio cell must be sucli that the gases are either separated l)v a dia¬ 
phragm or that the electrode.s he so placed that no mixing can take place. 
Tlte Schuckert cell is of t!>e latter tyj)e, while the usual cell has a dia- 
phnigni usually made of a.she.stos separating anode from cathode; so that 
while it will not permit the passage of gas, it is sufficiently porous not to 
grcatl}- increase tlie resistance. 

'Die purity of tlie hydrogen pro<luced by eloetrolysis is tisually from 
99.7 to 99.8 j>er cent aiul the oxygen is usually somewliat lower from 09.3 
to 99.0 per cent. lic-fore the present coinim'rcial demand for oxygen, it 
wtxs u.sually a hy-produet in the manufacture of hydrogen aiul thus the 


cost of generating hydrogen l)y electrolysks w;is very high, hut (he pre.sent 
demand for cornpres.stal oxyg<*n has bc^en of material as.sislance in h'wering 
the cost of electrolytic hydrogen. 

There lia.s been recently' proposed another method for manufacturing 
hydrogen, (fiat while it has considerable theoretical interest, mav proveto he 
quite practical. This is a jirocess projK)sed hj' Bergius, in wliich he treats 
verj' pun; carbon or finely divided iron with water under high pressure. 
l'l>e presence of sf>me catalyst Ls reipiired whi<4i in (he case of carbon is 
usually lliallus chloride, while in the case of iron, ferrous chloride or copper 
is used. 

At a temperature of 040° F. aiul loO atmospheres’ pressure, the iron 
reacts quite rapidly with water according to tlie reaction 3 Fo-|- 4 n 20 = 
Fe;}0.i-j-4Il2-|-38.4 calories, so that the process from a thermal standpoint 
would he self-sustaining. At these pre.ssures and temperatures, however, 
the manufacture of the auto(;liives is a very serious problem. It is assumed 
that 1 cu.ft. of reaction space will yield 1.50 cu.ft. of hytlrogen per hour, 
while the purity is .said to be exin-rnely high. This purity, however, must 
undoubt^xlly he a function of the carbon wmtent of the iron ii.scd. In 
the following table are summarized the (luuiities of hydrogen nomially 
produced liy diflerent jiroccsses. 


PURITY OF HYDROGEN BY V.VRIOUS PROCESSES 


ProcCKS Purilij of Hydrogen 

Decomposition of oil water gas apparatus.80.0 to 82.0 per cent 

Decomposition of oil si)ecial apparatus. 94.0 to 96.0 

Shift of water gas equilibrium. 96.0 to 97.0 

Liquefaction of blue water gas. 97.0 to 97.5 

Iron steam proee&s (Lane). 99.5 to 99.7 

Electrolysis. 99.6 to 99.8 
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In considoring the choice of a process for the production of hydropn, 
the (lualily miuired and the nature of the impurities present must be given 
consideialion. For aeronautical purposes the purity is not of great impor¬ 
tance, 90 iwr cent hydrogen being entirely satisfactory, the principal 
impurity to be guanled against being oil vapors which would attack the 
rubberized fabric. For the hydrogenation of non-edible fats, the principal 
impurities to be guarded against are sulphur, oxygen and carbon monoxide, 
althotigh recent experiments appear to indicate that the catalyst can be 
adapted to gas of much lower purity than the earlier work would indicate. 
For the reduction of metals, carl^on compounds are the most serious impuri¬ 
ties, as they tend to form carbides. 

The s>mthctic production of ammonia demands the very highest purity 
and while nitrogen here would not be an impurity, the carbon monoxide, 
oxygen and moisture must bo carefully removed. 

For ordinary liydrogenation work, the use of lime in the usual form of 
box purifiers has been found, satisfactory. Where still higher purity is 
required and especially where the gas must be used under fairly high pres¬ 
sure, it can be scrubbed with water at 20 to 30 atmospheres or where low 
pressure purification is required, solutions of sodium or potassium hydrox¬ 
ide are used in either mechanical or tower scrubbers. 

Hydrogen sulphide is usually removed in iron oxide purifiers or by 
liquid purification as described under " City Gas.’ 

Tmees of carbon bisulphide are removed by treating the gas with a 
catalyst, which is iron oxide or iron and chromium, which changes the 
carlxm bisulphide to hydrogen sulphide. This is then removed with iron 

oxide. 

Carbon monoxide is removed by a variety of methods, depending upon 
the purity required and upon the process. Small amounts of it may be 
changed to methane by treatment with a nickel catalyst if methane docs 
not interfere with the further use of hydrogen; or it may be oxidized by a 
catalyst by the process known as preferential combustion by mixing about 
twice the theoretical oxygen required and passing it over copper oxide or a 
suitalily activated iron oxide. This process requires very careful opera¬ 
tion as there is a very narrow temperature range of about 100® F. where 
the carbon monoxide will be oxidized in preference to the hydrogen. 

Owing to the loss of hydrogen, this process would not be economical 
where the carbon monoxide exceeded, say, 1 to IJ per cent. The carbon 
monoxide may also be lowered by treatment with soda lime at 500® C. 
as mentioned in the description of the catalytic reduction of hydrogen 
from water gas. 

For the removal of the last traces of carbon monoxide in preparing 
hydrogen for the ammonia synthesis, ammoniacal cuprous chloride or car¬ 
bonate solutions are used under very high pressures, say, 200 atmospheres. 
The solution is regenerated and the carbon monoxide recovered by releasing 
the pressure and heating to between 70® and 80® C. 
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Methane is ver>- clifRcult to rcinovc, but generally it rnerel>- serves as an 
inert gas and must be blown off as it aceuinulates. 

In the analysis of hydrogen, there are a miinber of melliods (iei)end- 
ing upon the degree of accuracy required. For works control, tlie specific 
gravity balance give.s rough relative indications. These may t)e checked 
by combustion of the hydrogen with the usual form of gas analy.sis appa¬ 
ratus. Recently, the use of thermal conductivity methods have been 
introduced. This method determines the difTerence in the thcnnal con¬ 
ductivity of gases by iwssing the gas under test around a thin wire carrying 
current while a gas of known purity is pas.sed around a similar wire, 'i'hese 
two wires form two arms of a Wheatstone bridge and the change in (he 
rate of cooling which Is njeasured by the cliange in resistance is a measure 
of the gas composition. 

Hydrogen has a thermal conductivity of 10.4, while nitrogen, carbon 
monoxide and methane range frojn 5.2-1, 4.99 and 0.47 so that the method 
may be made (juite accurate. Carbon monoxide can be determined in the 
presence of hydrogen by preferential combustion, and by determining the 
CO 2 by conductivity methods this method has been made the basis of a 
carbon monoxide indicator. 

Oxygen can be detennined by the regular gas analysis methods. Phos¬ 
phorus is usually determined by burning a relatively large amount of gas 
and detennining the phosphorus as phospho-molybdate. The .same type 
of apparatus as used for the detennination of fi.xed suli)hur in citj' gas may 
be used for other sulphur compounds. 

Acetylene. The u.sc of acetylene as an illuminant has becti gradually 
decreasing so that the last census there were only a few plants reported 
with a send out of about 1,000,000 cu.ft. in a year. The use of acetylene, 
however, for welding and cutting in connection with the oxy-acctylcnc 
blow pipe has Ixjen increasing very rapidly. Acetylene is mamifacturcd 
by decomposing calcium carbide with water, usually in sonie form of auto¬ 
matic apparatus. Calcium carbhle Ls inunufactured in the electric funiace 
by fusing a mixture of lime and coke. Although acetylene was known 
chemically as far back as 1836, and in 1862 the fonnation of calcium car¬ 
bide was discovered by Wochler, it was not until Wilson’s discovery in 
1892, that calcium carbide could be commercially manufactured in the 
electric furnace, that acetylene became of any importance? as a iwssible 
illuminant. 

In the manufacture of calcium carbide, the purity of the mw materials 
IS of great importance and much of the success in the commercial use 
of acetylene can be attributed to the care taken and the chemical control 
exercised in the manufacture of the carbide. After fusion in the furnace, 
the carbide is crushed, sized and packed in hermetically scaled cans. Cal¬ 
cium carbide os formed in the electric furnace is a hard cyrstalline sub¬ 
stance of grayish color and weighs about 138 lbs. per cubic foot. 

It is usually packed in cans, holding 200 lbs. The commercial 
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sizes for larjjo ponerators are in. to 2 in. and for lamps 1 in. to \ in. and 
soino other smaller sizes running down to dust. 

While pure earhide shouUI yield about 5 eu.ft. of acetylene per pound, 
the yield of pas varies with the size. The larger lumps yield considerably 
more gas per ]X)und. 

The formation of acetylene from the carbide takes place according 
to the following reactions: 


CaC 2 + Il 20 = C 2 H 2 +CaO and Ca0+H20 = Ca(0H)2. 

This reaction does not take place below -5® C., however. This reac¬ 
tion is exothermic, the net result of the reaction being about 29.1 large 
calories. This heat of formation is really very important as it must be 
taken care of in a design of the generator. Acetylene polymerizes ver>' 
readily at GOO® C. into benzol and at higher temperatures forming other 
complex organic comjK)unds. For this reason, it is essential that ample 
water should be present to absorb the heat of the reaction or other means 
must be provided to prevent an excessive rise in temperature. Experi¬ 
ments on the temperatures, occurring in generators, have shown a maxi¬ 
mum of from 280® up to as high as 807® C., in one case reported by Lewes. 
Furthermore, at high temperatures, the acetylene may decompose vio¬ 
lently, the critical point being about 780® C. The heat set free may thus 
result in an explosion, while if any air is present, it may explode at 480® C. 
On account of these facts it is exceedingly important that well-designed 
generators should be used for the generation of the gas. The generators 
may be divided into two general classes: first, where the carbide is added 
to the water, second, where the water is added to the carbide. Either of 
these may be automatic or non-automatic. The American regulations 
require that the maximum rise shall not exceed 53® C., and that there shall 
be present at least 8J lbs. of water per pound of carbide, while for the hand- 
fed generators the rise shall not be over 91® C. 

Owing to the rise of temperature in the generator, considerable water 
is vaporized and passes off with the gas, so that a generator requires con¬ 
siderably more water than is indicated by the reaction, the usual allow¬ 
ance being about half a gallon per pound of carbide. 

Pure acetylene has a sp.gr. of .9056; its critical temperature is 37® C. 
and the critical pressure 68 atmospheres. The specific heat is 373 and its 
calorific value is 1440 B.t.u.’s per cubic foot. When mixed with air, it 
ignites at about 430® C. Its explosive limit varies from about 2.5 to 65 
per cent. 

At 15® C. it is soluble volume for volume in pure water, but the pres¬ 
ence of lime or sodium salts in the water such as would exist in the gen¬ 
erator reduces the solubility to about one-third of this figure. Above two 
atmospheres’ pressure and at 780° C., acetylene is very unstable and is 
likely to decompose violently. For this reason liquefied acetylene is 
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veo’ dansorous and its use is cenoraliy prohibited. Various solvonts 

such as acotono will take up )ar<io volumes of acetylene and iliis proiKTty 

IS made use of in the portable tank-s u.sed for aulonioliiie headliKhts. The 

tanks are hlleil with a porous material, containin^r about 80 |M-r eeni of 

voids; about 13 jx-r cent of tliese are tilled with acetone. The acetvlene Ls 

tl.eii compre.s.<ed into the cylinder at a pressure of 10 atmosphere.s, at which 

pressure the cylinder will hold about one hundred times its volume of 
acetvlene. 



Cnide acetylene, when firet senerated from the carbi.le, contains 
traces of ammonia, hydrogen sulphide and phosphine; these impurities are 
removed by scrubbing with water and 
a solution of caustic soila. 

Fig. .307 illustrates one type of 
automatic acetylene generator as used 
to jiroduce acetylene under sufficient 
pres.sure for use in cutting torches. 

Where the acetylene is protlueed in a 
central plant and compressed in cylin¬ 
ders, tlie generators arc usually .some¬ 
what larger. They are rated according 
to the charge of calcium carliido con¬ 
tained in the magazine. Generators of 
about 3.50 Iks. are frecjuently used. In 
such gemtrators the carbide feed is eon- 
troll<‘d by a small electric motor or water 
motor which of)cratcs in connection with 
the diaphragm so that the pressure in 
the generator is maintained Ix^tween 0 
and 8 lbs. On a large scale, the gas 
pjissc.s from the generator through a 


water 8erublK>r and then into a small gas Ufj. 307. 

holderof 10,000 to 20,000 cu.ft. capacity. 


In commercial production of acetylene, the gas is sold in steel con¬ 
tainers filled with asbestos discs saturated with acetone. The jusljcstos 
discs have a porosity of between 75 and 80 per cent. About 40 per cent 
of this pore space is filled with acetone. Acetone will dissolve about 
twenty-five tunes its volume of acetone at atmosphere prc.ssure and the 
Intestate Commerce regulations jiemiit a pressure of 250 lbs. 

r\iQ cylinders are about 12 in. in diameter and 30 in. high. They 
arc usually seamless drawn botlios with a welded end. They must conform 
to I.C.C. specifications No. 8. The thickness is about 1.75 in. and the 
steel IS about .10 carlxin, .02 phosphorus, .04 sulphur, with an elastic 
limit of 45,000 lbs. 55,000 to 00,000 tensile strength, 22 to 28 fxjr cent 
elongation. The cylinders arc tested at 750 lbs. pressure for temporary 
and pennanent deformation. The permanent deformation must not U 
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over 10 per cent, the temporary deformation at this pressure. The cylin¬ 
ders are also tested at oOO lbs. for leakage. 

*\s inentioneil before, the cylinders arc filled with asbestos discs that are 
saturat(Hl witli acetone. The amount of acetone used per cylinder must be 
k(‘pt at a fixed amount, as its weight must be included in the weight of the 
cylimler to determine the capacity of the cylinder, since the volume is 
tletennined from the increase in weight of the cylinder at the standard 
pressure and temperature. 

The cylinders usually contain from 36 to 40 lbs. acetylene and will hold 
from 2r)0 to 300 c\i.ft. at 250 lbs. The acetylene is usually calculated to be 
equivalent to 144 cu.ft. per pound. 

In filling the cylinders after they have been inspected and acetone 
added if necessary, the gas is then passed through a scrubber and dryer 
filled with lump sodium hydroxide and then through an oil separator. 
From the oil separator the gas passes into a manifold to which the charg¬ 
ing cylindei's arc connected by thin metallic piping. While the gas is 
being admitted, the cylinders arc sprayed with water to keep them cool 
and when the pressure has reached 300 lbs., they are disconnected and 
laid on their side in order to equalize the gas throughout the cylinder and 
are usually allowed to remain overnight, during which time the pressure 
falls to 150 or 200 lbs. They are then connected again and the pres¬ 
sure brought up to 250 lbs. They are again disconnected, tested for 
leaks and weighed. After this, they are allowed to stand for at least 
two hours in order to distribute the gas throughout the cylinder. 

Oxygen. The great increase in the use of oxy-acetylene torch for 
welding and cutting metals has given rise to an important industry, the 
manufacture of compressed oxygen. At the present time, the production 
of oxygen is at the rate of nearly two billion cubic feet per year. Formerly, 
the small amount of oxygen that was used with the oxy-hydrogen blow¬ 
pipe in the platinum industry and in projection apparatus was manufac¬ 
tured by chemical methods. On a very small scale, the laboratory method 
of decomposing potassium chlorate in the presence of manganese dioxide 
was used, while in the larger plants the barium peroxide process was 
employed. This process depends upon the fact that barium peroxide will 
give off oxygen at a relatively high temperature imder partial vacuum 
and will absorb oxygen from the air when a moderate pressure is applied. 

Oxygen is also a by-product in the electrolytic production of hydrogen 
which has been covered in the previous chapter. 

The great development in the manufacture of commercial oxygen came 
with the introduction of the liquefaction process whereby oxygen is fre¬ 
quently distilled from liquid air. 

The liquefaction product which had been a laboratory curiosity was 
made a commercial pMsibility by the work of Linde and Claude. Linde 
employed the principle of counter-current cooling to the Joule-Thompson 
effect to produce the low temperature necessary to liquefy the air. Claude 
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cooled the air by expanding a portion of the air in an engine, thus producing 
the nece.ssary drop in temperature. In whatever fashion the initial droj) 
in temiieraturc is secured, the cooled air is passed hack through a heat 
exchanger, thus lowering the temperature of the incoming air. so that a 
progressive cooling lakes place until the temix'rature is reached at wiiich 
the air Ix-gins to liquefy. It was this self-cooling principle that made 
commercial Ikiuefaction fxjssihle. 

The theoretical power required to separate air into its constituents, 
o.vj'gen and nitrogen, is that necessary to isothemially compress the com¬ 
ponents from their respective partial pressures to atmospheric pressure. 
This amounts to slightly less than 3 H.P. per 1000 cu.ft. of oxygen per 
hour. Actually, however, due to the fact that the cnergj- put into the air 
Is not recovered, about 35 H.P. per 1000 cu.ft. of o.xygen lyer hour is 
required. At the present time, due to the expiration of the early patents, 
there are a number of types of commercial apparatus in use. They are 
all fundamentally alike, the principal variations having to do with the 
design and arrangement of the heat exchangers and the details of the 
fractionating columns. The efficiency of the process is very largely 
dependent upon the operation of the heat exchangers. 

In some of the earlier and simpler designs the heat exchangers con¬ 
sisted of bundles of thin wall tubing that were brazed or bound together 
to secure good thennal contact. More recently, several types of defonned 
tubes have been used to increase the surface exposed and to secure better 
contact with the gases. In other forms, the space around the tube has 
been packed with metallic filling to secure better contact. The tubing is 

usually made of copper and the joints soldered to insure strength and 
tightness. 

The fractionating column itself is quite similar in design and operates 
in precisely the same manner as the fractionating columns used in the dis¬ 
tillation of coal tar light oils, alcohol, which have been described elsewhere 
in this book. 

If we disregard traces of rarer gases, we have in liquid air a simple two 
component mixture which boils at sr K., the oxygen boiling at 90.5° K., 
the nitrogen at 77.5° K., so that we have a difference of some 23° between 
the boiling-point of the two constituents which is sufficient to give reason¬ 
ably good separation of one component. The heat necessary to plant the 
liquid at the bottom of the still is furnished by the incoming air that is 
passed through the heat exchanger prior to its passage through the expan¬ 
sion chamber. 

The air is liquefied at the top of the fractionating column and as it 
passes down through the sections in the column, the nitrogen boils off 
while the liquid oxygen flows down and collects in the bottom of the still. 

Dry purified air at a pressure of from 60 to 200 atmospheres enters 
the column through the pipes and is cooled in passing through the heat 
exchanger and the heating coil in the base of the still. This partially 
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cooled air then rises through a pipe to the expansion valve where the air is 
expanded to about 6 lbs. per square inch, ^^^len the column is first 
sfailed it is necessary to have the pressure at approximately 200 atmos¬ 
pheres, as the column cools down and the air begins to liquefy, it is possible 
to reduce the pressure to about 50 atmospheres. The cooling due to the 
Joule-Thornpson effect lowers the temperature to a point where the air is 
litpiefied. The liquefied air drains down through the plates in the column. 
Tlic nitrogen boils off so that as the liquefied gas passes down through the 
column, it becomes progressively richer in oxygen and poorer in nitrogen 
so that at the base of the column the liquid is practically pure oxj'gcn. The 
heat head necessary to operate the column is furnished by the incoming 
air wliich is passed through the coil. This boils off a sufficient amount 
of oxygen to furnish the vapors necessary for the fraction. The nitrogen 
together with some of the oxygen passes up out of the column through the 
heat exchanger and passes out at the top of the column through a pressure 
regulator valve and is discharged to the atmosphere. 

The still is operated with sufficient pressure to force the liquid oxygen 
up through the heat exchanger where it is vaporized, thus cooling the 
incoming air, the oxygen passing out through a pipe to the meter and 
holder. The column is very heavily lagged with non-conducting material 
and is provided with gauges indicating the pressure at the various points 
which are necessary to determine when the small traces of moisture and 
carbon dioxide which have escaped the purifying system have accumulated 
to such a point that the column ceases to operate properly. When this 
occure, it is necessary to “ defrost the column/’ that is melting out the ice 
or solid CO 2 collected. This is usually done by passing nitrogen back 
through the column. With good operation, defrosting is not required more 
than once a week when it w'ill require from four to six houra sliut down 
when the manufacture of oxygen can be again commenced in about two 
hours. Where the column is merely shut down, it will deliver oxygen in 
from one-half hour to forty-five minutes after starting. 

The carbon dioxide and water vapor must be removed from the air 
before it reaches the fractionating column, as both of these would solidify 
at the operating temperatures and would quickly clog the column. The 
carbon dioxide is removed by scrubbing the air in two towers with a solu¬ 
tion of caustic potash. These towers are packed with iron rings to increase 
the surface and the caustic potash solution passes down these columns 
against the rising current of air. 

Two strengths of caustic potash solution are used in scrubbing the gas. 
The solution is made up originally very strong. This is used in the second 
tower and when its strength has fallen it is used in the first tower. After 
it has been exhausted in this tower, it is discarded. These purif 5 dng towers 
are provided with separators at the top to prevent at^y of the spray in 
passing over with the air. The air freed from CO 2 is then passed to the 
compressor. Since the greater portion of the energy required is utilized 
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in compressing the air, it is essential that the design of the compressor 
should be such as to give efficient and dependable results. The com¬ 
pressors are usually 4 stage and are electrically driven. Piston rings 
are used instead of stuffing boxes. The cylinders are arranged with \o 2 
and No. -1 on the outside with No. 1 and No. .3 between, in order to prevent 
leakage of unpurified air into the low-pressure e>-Iinder. The valve.s are 
usually of the automatic type and lubrication is taken care of by means of 
a -i-speed cycle that uses a high flasli oil. 

Allhougli the pressure required to start the column may approximate 
200 atmospheres or about 3000 lbs. per stjuare inch, the operating pressures 
arc mucli lower aiul are usually 50 atmospheres or about 750 lbs i>er square 
inch.jhe pressures developed in the cylinders in normal operation are about 
30-150-550 and 7.50 lb.s. per square inch. In ordcT to remove the large 

amount of heat tleve!o|K*d dtirir.g the compression very efficient inner 
coolers arc provide<l between eatdi stage. 


The cooler between the first and second stages i.s usually of the con- 
denst'r type and i.s mounted directly over the cylinder, while the other 
coolers are usually of the pipe coil type mounted in a water tank at the 
high-prt'ssure end of the compressor. During the comi^re.ssion, some water 
vapfjr and oil collects in the coolers and i.s l)lown off at intervals. From 
the compressor, the high-pressure air is pas.sed through a separator con¬ 
sisting of a steel cylinder to act as an oil drip arul three steel cylinders con¬ 
taining lunqisof caustic potash arranged in series. Tliese higli-pressure 
purifiers arc provided in duplicate. Each cylinder will liold about IfiO 
lbs. of lump cau-stic. The lump caustic not only removes the last traces 
of CO 2 but also removes traces of water vapor. 

From tlie caustic drying cylinders the air is pas.sed through a small 
trap to remove caustic dust which might he carried over and from here it 
will pass through the fractionating column for a plant having a capacity of 
25,000 ft. iKT <iay. The column itself i.s about 10 ft. high and 12 in in 
diameter. It is enclosed in an in.sulated jacket about 12 ft. higli and 3 ft 
in diameter. The heat oxclianger Ls in the upper part of the column and 
the fractionating plates in the lower portion of the column, the expansion 
valve 18 at about the middle. The purified and compre.ssed air enters at 
the top, passes through the heat exchanger where it is cooled by the out¬ 
going products, then passes through a coil in the base of the still where 
It Ix)il8 the liquid oxygen, then passes to the expansion valve and is 
liquefied. The pure liquid ox>’gen is collected in the ba.se of the eoliiinn and 
18 afterwards passed to the heat exchanger wlierc it is vaporized and thus 
^ists the incoming air. and passes out of the column from the top of the 
heat exchanger. The nitrogen, which contains about 10 per cent of oxvgen 
I^s out of the column through the heat exchanger. The operation of 
the column is controlled to a considerable extent by the back pressure in 
the column which is regulated by a valve in the nitrogen line 

The column is naturally operated so as to produce o.xygcn of a suitable 
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purity. This is usually 99.2 and 99.5 per cent and is determined by 
absorbing the oxygon in a gas pipette filled with copper wire in a solution 
of cuprous aininoniuni chloride or carbonate. By increasing the back 
pressure in the column the yield of ox>’gen is cut down and the purity is 
increased. The Ikjuid ox>'gen is passed from the column through a 
meter and from here to the storage holder. The cylinders used in dis¬ 
tributing compressed oxygen are made to meet the I.C.C. regulations 3A. 
These cylinders are of seamless steel and are tested to 3600 lbs. The 
cylinders arc manufactured so that they will contain around IIO or 220 
eu.ft. measured at 2000 lbs. pressure and 70® F. temperature. The oxygen 
is usually compressed with a 3-stage compressor of the same general type 
as tliat used in the main compressor. For lubrication, a weak solution of 
soap and water is used. 

In filling the cylinders, it is necessary to observe both the temperature 
and the pressure in the cylinders, as the amount of gas passed varies with 
these two factors as is shown in the following table. 

GAUGE PRESSUltES REQUIRED FOR FILLING CYLINDERS TO DELIVER 

220 CUBIC FEET OR 110 CUBIC FEET CF OXYGEN AT VARIOUS 

TEMPER.\TURES 


Tempera¬ 
ture ” F. 

Gauge 

Prcs.<5uro 

ll)./sq.in. 

i 

Tompora- 
turo ® F. 

1 

Gauge 

Pressure 

Ib./sq.in. 

Tempera¬ 
ture * F. 

Gauge 

Pressure 

Ib./sq.in. 

1 

Tempera- , 
ture ® F. 

1 

1 

Gauge 

Pressure 

Ib./sq.in. 


2319 

96 


62 


28 

1771 

128 

2308 

94 


60 


26 


126 

2298 

92 


58 


24 


124 

2288 

90 

2106 

56 


22 

1739 

122 

2277 

$8 

2096 

54 

1913 

20 

1728 

120 

2266 

86 

2085 

52 

1902 

18 

1 1717 

118 

2256 

84 

2075 

50 

1891 

16 


116 

2215 

82 

2064 

48 

1880 

14 


114 

2235 

80 

2053 

46 

1870 

12 

1685 

112 

2224 

78 

2042 

44 

1859 

10 


no 

2213 

76 

2032 

42 

1848 

8 


108 

2202 

74 

2021 

40 

1837 

6 

1652 

106 

2192 

72 

2010 

38 

1826 

4 

1641 

104 

2182 

70 

2000 

36 

1815 

2 


102 

2171 

68 

1990 

34 

1804 


1619 

100 

2160 

66 

1979 

32 

1793 



08 

2149 

64 

1968 

30 

1782 
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COAL TAR AND ITS DISTILLATION PRODUCTS 

F. E. DODGE 

Chemical Eriginecr, Iai Grange, III. 


Coal Tar. This is the black, foul-smelling, oily mixture which separates 
from the gases formed in the destructive distillation of coal. The raw tar 
is composed of light oils, pyridine bases, phenols, naphthalene, anthracene, 
heavy oils, pitch, complex organic compounds insoluble in benzene, known 
as free carbon, water, ammonia, anti dissolvetl constituents of the ga.s. 
As there U little prospect that the principal object of the destructive dis¬ 
tillation of coal will l)e the production of tar, there has been little re.search 
upon the conditions nece.ssiirj' to produce tars of the most desirable proper¬ 
ties. It varies greatly in composition and may be divided into retort, gas 
tar and oven gas tar, according to its method of production. 

Lewis T. Wright has made some study of the effect of variations in the 
cartxmizing temperature upon a coking coal in ordinary gas retorts and 
gives the following interesting table of the results: 



000“ c. 

650“ C. 

700“ C. 

750“ C. 

800“ C. 

Cubic foct of per ton of coal 

C,600 

7,200 

8,900 

10,162 

11,700 

Specific gravity of the tar. 

1.086 

1.120 

I 140 

1.154 

I 206 

Composition of the tar |)ercent- 






age by weight: 

1 


1 



Ammonia liquor. 

1 20 

1 03 

1 04 


0 383 

Crude naphtha. 

9,17 

9 65 

3 73 

3 45 

0.995 

Light oil. 

10 50 

7 46 

4 47 


0.567 

Creosote oil. 

26.45 

25 83 

27,20 

27 33 

19 4-10 

Aiithmcitc oil. 

20 .82 

15 57 

18 13 

13 77 

12.280 

Pitch. 

28.89 

36 80 

41.80 

47.67 

64.080 

Total. 

90.53 

96.34 

90.46 

95.86 

97.745 


This shows not only the increased yield of gas with the increase in tem¬ 
perature, but also the loss of the valuable light constituents of the tur and 
the increase in bitumens. 
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At 600® C. tho composition of the tnr approximates that obtained from 
Ly-pnuiiict coke ov<’ns and at 800® C. that obtained in modem retort 
house practice. 

'Pars from the carbonization of coal at low temperatures, or where the 
volatile j^roclucts are removetl, without being subjected to a cracking proc¬ 
ess by passing through a hot zone, are quite different from the usual coal 
(ar. They are usually lower in specific gravity, and consist of paraffin 

oils instead of those of the benzol scries. 

Retort Gas Tar. This tar is obtained as a condensation product in 
the hydraulic mains, scrubbers, or condensers, in the manufacture of coal 
gas for illuminating purposes. It is less fluid and contains less of the 
lighter hydrocarbons, more naphtlialene, anthracene and their accompany¬ 
ing oils, and more free carbon than tars froin some other sources. The 
composition varies with the heats and coals employed. The lower the 
carbonization temperature of any coal, the more fluid the tar and the lower 
the free carbon content. 

The specific gravity of the dry (wnter-free) tar varies from 1.10 to 1.25 
or even somewhat higher. 

It contains from 18 to 40 per cent of free carbon and yields on distil¬ 
lation from 1 to 5 per cent of light oil t-o about 200 C., 30 to 50 per cent 
heavy oil, including naphthalene, anthracene, phenols, and accompanying 
oils, from 200® C. to the coking temperature, and from 45 to 65 per cent 
coke; or if distilled to pitch, the yield would be light oil 1 to 5 per cent, 
heavy oil 25 to 40 per cent, an<l pitch 50 to 75 per cent. 

Oven Gas Tar. This material is obtained as a by-product in the dis¬ 
tillation of coal in retort coke ovens. It is similar to retort gas tar, except 
that it is more fluid. It contains more of the hydrocarbons, and consider¬ 
ably less free carbon, which latter usually runs from 5 to 20 per cent. 

The composition of course changes with the coal, with type of oven, 
and with the coking temperature. 

Low Temperature Tar. It seems to be certain that marketable quan¬ 
tities of tar from low temperature carbonization of coal will be produced 
in the near future. These tars are usually distinguished by a specific 
gravity but slightly greater than water, low free carbon content and a much 
higher percentage of oils than the other varieties of coal tar. The oils are 
of low specific gravity and largely parafinoid compounds instead of those 
of the aromatic series. They also contain large percentages of tar acids 

similar to those of blast furnace tar. 

Producer Gas Tar. Owing to the method of production this usually 
consists of large percentages of water and free carbon together with a very 
small amount of oils, and yields, when distilled, a very friable pitch entirely 
unsuitable for the purposes for which pitch is made and therefore of no 
commercial importance. 

Blast Furnace Tar. This is essentially a low heat tar, being produced 
in blast furnaces fed with coal instead of coke. It usually has a specific 
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gravity between 0.94 and 1.000 and contains more phenoloid and basic 
substances than ordinary' coal tar. These phenoloid substances resemble 
those obtained from the destructive distillation of wood and lignite and 
amount to from 5 to 10 per cent of the tar, while 1 to 2 per cent is tiie u.sual 
amount in ordinary coal tar. 

It also contains from 2 to 5 per cent of basic bodie.s and about 10 per 
cent of paraffin oils which solidify on cooling. These tars are entirely dif¬ 
ferent from the ordinary coal t^ir and not .suited for the same purposes. 

Water Gas Tar. From the manufacture of carburet ted water gas for 
illuminating purposes, the tar obtained differs mainly from coal tar in the 
entire absence of tar acids (the phenol group), ammoniacal liquor, and in 

the small amount of free carbon present, which is usually less than 2 per 
cent in these tars. 

The specific gravity varies from 1.005 to 1.15, but is u.sualiy between 
1.03 and 1.12 in tars from the larger and more carefully supervised 
works. 

Dry water gas tar, when distilled, yields from 5 to 15 per cent of light 
oil to 200'’ C., 30 to 50 per cent of heavy oil from 200*" C. to pitch, and 35 
to 60 per cent of pitch. 

Pintsch or Oil Gas Tar. This comes from the manufacture of oil gas 
used for railway lighting. It i.s similar to water gas tar, but sometimes con¬ 
tains nnich larger amounts of free carbon, frequently 25 to 30 per cent, or 
even more. ’ 

Applications of Tar. Tar is little used in the crude state, but is refined 
by removing the water and more or less oil by distillation. In this condi¬ 
tion it is used to saturate roofing felt, to coat roofs laid with plain tarred 
felt, as a cheap paint, and to coat wood which is to be buried in the ground. 
With more oil removed it is used as a binder in asphalt pavements and tar¬ 
macadam roads. With an admixture of wator, it is used to sprinkle Telford 
and macadam roads to prevent dust. 

Tars are separated into their valuable constituents by distillation. The 
stills, Figs. 308 and 309, may \ic either horizontal or vertical cylindore s(?t 
in brick work and heated by direct fire similar to steam boilers. Stills vary 
in size and in design. Those with a capacity of 10,000 gallons arc not un¬ 
common, but most stills have less than half this capacity. Tlic European 
practice is to use vertical stills with convex top and concave bottoms. 

The top and sides arc constructed of half-inch boiler plate, while tlie 
bottoms arc frequently from 1 to 1\ ins. in thickness and are protected 
from the direct heat of the fire by a brick arch. The hot gases from the 
fire arc led around the lower half of the still in flues. 

The American practice is to use horizontal stills heated on slightly less 
than half of their cylindrical surface protected by an arch directly over the 
fire and so designed that the portion of the shell heated may be readily 
replaced when damaged. The still is equipped with the usual worm, which 
may be made of either cast- or wroughUiron pipe with receivers, and with 
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a pitch cooler. The objections to cast-iron worms are their numerous joints 
and greater weight. Since the development of electric welding wrought- 
iron wonns may be made of any desired length with no joints to give 
trouble. Where high-carbon tars are worked, stills must be provided with 
suitable means of agitating to prevent the carbon becoming caked upon 
the heated part of the shell. Drag chains were formerly employed for this 
purpose, but compressed air or superheated steam are now more often used, 
as they serve to keep the still clean and assist in removing the high- 
boiling oils. 

Distillation of Tar. The operation of tar stills varies considerably at 
different works. The receivers arc changed at different temperatures and 
therefore the products are not uniform. In America it is the more common 
practice to fraction as light oil until the distillate commences to sink in 



Fio. 308.—European Tar Still. 


water, and as heavy oil or creosote oil from that point to pitch. Very 
little, if any, anthracene is made in this country, as most of the tar is run 
only to soft pitch with a melting-point between 60 and 80® C. 

The European practice is different. From four to six fractions are 
taken before the pitch and a very large percentage of the tar is run to hard 
pitch. The following will show the most common fractions and the tem¬ 
peratures of the “cuts,” 


American Practice 


European Practice 


Light oil, or 1 Till oil sinks in water 
Crude naphtha f about 200“ C. 


Heavy oil, 
Dead oil, or 
Creosote oil 
Pitch 


■ 

200 * 0 . 

■ 

to pitch 
Reaiduuin 


First light oil, or 
First runnings 


jToll0*C. 


Light oil, or 
Second light oil 
Carbolic oU 


|ll0“to200’’ C... 
200* to 240* C. 


Creosote oil 240* to 270* C. 


Anthracene oil 270* to pitch 
Pitch Residuum 
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In the American refineries during tl.e last few years there has been 
more or less tendency to divide the creosote oil fraction into carbolic oil 
and heavy oil by a cut at about C. in order to recover the tar 



The tar is usually charged into the hot still (from the previous run). 
The fire is lighted when the charging is about half completed. The 
fire must be carefuUy reguUted untU the rumbling or crackling noise in 
the still ceases, which denotes that the water has all been driven over. 
The firing can now be pushed so that the distillate runs at the rate of 200 
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m 






to 400 gallons per hour. When the desired grade of pitch has been obtained, 

II the fire is dra\\Ti and the pitch is run or 

I '*"1 drawn into the pitch cooler, a closed tank 

I IsiinV with a manhole having a loose-fitting, 

I J«c « || free-opening lid which, while it acts as a 

^— ''I safety valve, prevents free access of air. 

V'T I The pitch, when sufficiently cooled, is 

—filled directly into barrels for shipment 

or storage. 

The fraction to 200° C. contains 
* I » J water, ainmoniacal liquor, crude benzols, 

if L^^r(|f|) pjTidine bases and a part of the naph- 

» thalene, heavy oil and phenols. The 

I g **• second fraction from 200° C. to soft 

I I Cajl • 1 1 pitch (about 270° C.) consists of phenols, 

-Jrij&fclW! 11 naphthalene, heavy oil and some anthra- 

cene, though the greater part of the an- 
I jTj thracene comes over above 270° C. If 

* I the distillation is continued to hard pitch, 

I (■"'By ^ a cut could profitably be made at about 

r^Qy ^ which point most of the 

I* lytTV— "1 anthracene and anthracene oil would be 

r-cl—(i The treatment of the frac- 

I tions as obtained by American practice 
§ only will be considered, with incidental 
^ allusions to the foreign methods. 

^ The light oil fraction is allowed to 
. settle and the ammoniacal liquor or 

water is drawn off. The pyridine bases 
^^ot as a rule recovered in this 
country, but are allowed to remain in 
\ the heavy oil with the phenols. If it is 

1 desired to separate them the light oil is 

agitated with dilute sulphuric acid in a 
lead-lined cone-bottomed tank, fitted 
with a lead-covered propeller, usually 
supported entirely outside the tank, 
J which mixes the contents. After the 

If Is I/<r\ I pyridine bases have been removed the 

oil is transferred to a similar iron tank, 
t “ which, in order to remove the phenols, 

I j peJ 1 g ? Ill ^ treated with caustic soda solution of 

IJliaSjjlL,^ j I ||{ about 1.116 specific gravity. After the 

carbolates have been drawn off, the oil 
•turnip is charged in a still of 2000 to 3000 
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(ho vapors coming from the still. The following fractions arc usually 
taken: 

Cniclo 00 per cent benzol, to 95® C. 

Crude toluol, 95® to 125° C. 

Cnide solvent naphtha, 125® to 170® C. 

Hca\’y naphtha, 170® to 200° C. 

Residue. 


The residue consists of naphthalene, heavy oil, and phenols if not 
previously extracted. It should be added to the second fraction from the 
tar still. 

In some works only three fractions are made in the light-oil still, the 
first two being combined and this fraction being subjected before washing 
to another distillation in a steam-heated column still. The fraction, con¬ 
sisting of benzene, toluene, xylene, and their impurities, would be cut as 
follows: 


Cnide 90 per cent benzene. 

Intermediate fraction (which is rerun). 

Cnide toluene. 

Crude solvent naphtha added to that fraction. . . . 


up to 99° C. 
95® to 105® C. 
105® to 120® C. 
120® to 125® C. 


It was early discovered at the Paris Gas Company that the coal gas 
contained much more aromatic hydrocarbons than the tar. 

It was variously estimated at from 15 to 23 tunes as much but the gas 
was not seriously considered as a source of benzol while only illuminating 
gas was manufactured from coal. 

When by-product coke ovens became common in Europe, processes 
were devLsed to scrub the gas and recover the light oil by continuous dis¬ 
tillation. Fig. 312 is a diagram of the usual apparatus employed. 

The gas is cooled either by direct contact with water or in tubular 
coolers to about 70® F. or even less. It is then passed through the series 
of scrubbers (usually three), where it comes in intimate contact with the 
cooled wash oil which is about the temperature of the gas entering the 
system, but should not be more than 2° to 4® F. higher. 

The scrubbers may be of almost any design suitable for washing gas. 
The usual form is shown in Fig. 312. These are tall steel tanks or towers 
filled with wooden grids to present large surfaces for the contact of the 
oil and gas. These wooden grids are the most satisfactory and the only 
material used in this country. 

The wash oil used in the United States is a fluid parafifine oil, specific 
gravity not more than 0.875 at 18° C., not thickening above 4° C., contain¬ 
ing as little olefines as possible, but not more than 10 per cent, giving as 
little distillate on dry distillation as possible, below 285° C., thermometer 
in the oil. Not more than 1 per cent shall be driven over by steam distilla- 
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tion while collecting a volume of condensed steam equal to the volume of 
the oil taken for the test, and it should separate readily from intimate 
mixtures with water. 


The European 
practice is to use a 
coal tar lieavy oil 
distilling between 200 
and 300® C. at least 90 
per cent, and which 
docs not tleposit more 
than 12 per cent 
naphthalene in all 
fractions after stand¬ 
ing twenty-four hours; 
sp. gr. 1.03 to 1.05 at 
15^® C., or a blast 
furnace oil which dis¬ 
tills at least 85 per 
cent between 200 and 
300® C. 

After leaving the 
first gas scrubl>er the 
oil Is passed through 
a heat exchanger, 
where it i.s heated by 
the vapors leaving the 
still to about 90® C., 
then through a second 
heat exchanger, where 
it is further heated by 
the debenzolized wash 
oil, leaving the still at 

about no® C. 

It is then passed 
through the preheater 
and further heated by 
steam to from 130® to 
150® C. After this it 
passes to the still 
proper, which is of 
the continuous type, 
where the light oil is 
driven out by steam 
distillation, leaving 
the debenzolized oil, 
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which leaves the base of the still, passes through the oil to oil heat 
exchanger, the wash oil coolers, and is then ready to be pumped to the 
scrubbers for a second saturation with light oil from the gas. 

The light oil vapor mixed with steam after passing through the vapor to 
oil lieat exchanger is condensed and flows to the light oil tank after being 
separated from the condensed steam or water in the decanter. The yield 
of light oil from coke oven gas is from 2J to 4 gallons per ton of dry coal 
carbonized, varjdng with the volatile content of the coal and much influ¬ 
enced by the type of oven and the heats employed. The relation of the 
amounts of benzol and toluol produced are also influenced by the heats 
employed, low heals increasing the production of toluol and xylol. The 
reeover>'^ of light oil from coke oven gas has become general in American 
by-product coking practice. 

The control tests neces.sary to insure proper operation of a plant such 
as has been de.scribed arc: 

C'andlepower and calorific value of gas, both entering and leaving the 
senibbers. 

Liglit oil in gas both entering and leaving the senibbers. 

Light oil in wash oil to continuous still. 

Light oil in wash oil from continuous still. 

Examination of new wash oil received: Specific gravity, viscosity, 
emulsification, steam distillation, dry distillation, olefines, thickening at 
4“C. 

Distillation test of light oil produced, with determination of loss and 
residue above 200® C. 

Distillation of frequent samples of distillate to control fractions. 

Distillation of samples from storage tanks and residues. 

The most common method for determining the light oil in gas is to 
pass a measured volume of gas through a train of bottles containing an 
absorbent oil. Various oils are used: paraffin oil, wash oil, oleic acid and 
cottonseed oil are among those proposed. 

A modified Lessing scrubber has come into favor of late as the standard 
apparatus to test for scrubber efficiency. 

Light oil is usually fractioned in a steam-heated column still so 
as to yield crude benzol distilling 90 per cent to 100® C., crude toluol 
distilling about 5 per cent to 100® C. and 90 per cent to 120® C., crude 
solvent naphtha distilling about 5 per cent to 130° C. and 90 per 
cent to 160° C., crude heavy solvent naphtha distilling about 6 per cent 
to 160® C. and 90 per cent to 200° C. The residue consists of wash 
oil and crude naphthalene. It is transferred to pans and allowed to become 
cold, when the naphthalene crystallizes. The wash oil is drained off and 
returned to the wash oil circulating tank to be used over again. 

The crude fractions are washed and refined in the same manner as 
similar fractions of the light oil from tar. 

The purification of these fractions consists in the polymerization of the 
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unsaturatcd compounds and the removal of the dissolved polymerized 
hydrocarbons by distillation. The oil is treated with successive small por¬ 
tions of sulphuric acid, 1.835 sp-^r.. in an apitator tank, l-'i^. 313, similar 
to the one used for pyridine extraction. Tlic agitator for washing with 
strong acid can be lined with lead. A better constnietion Is of cast iron 
with leaded joints of the bell-and-spigot type, .similar to those used on 
cast-iron water pipe, and with 
a conical bottom to permit of 
complete separation of the acid 
and the oil. The .several small 
portions of acid arc agitated with 
the oil, allowed to .settle for a few 
minutes and the acid tar com¬ 
posed of spent acid and polymer¬ 
ized hydrocarbons drawn off. 

Care must be taken to remove 
the acid tar completely after the 
final application of acid. The 
acid nccessjiry for a satisfactory 
purification of the oil should bo 
determined by a laboratory test 
after c.acli addition of acid. If 
too little acid is used the tarry 
products arc apt to separate and 
clog the drawoff, and if too much 
is used the spent acid will be very 
thin and fluid. A good wa.sh Is 
usually obtained when a total of 
between J and 3 of a pound of 
acid is u.scd per U. S. gallon and 
applied in four to six succc.s.sive 
portions. In this way a better 
wash and a larger yield will 
result, together with a saving of 
acid. Formerly it was u.sual to 
wash the oil two or three times 

...... . , ^ ... I'lo. JI3.—Benzol Agitator. 

with water, but as this serves 

only to reduce slightly the caustic soda necessary to remove all the acid 
remaining in the oil, and as it adds materially to the time required 
to complete the wash, it has been in most cases discontinued. The 
oU is finally treated with sufficient 10 per cent caustic soda solution 
to remove all traces of the acid. The washed oil is sometimes distilled 
in a steam-heated simple still, but this is not necessary with the 
fractions of light oil recovered from coal gas, which leave behind, as 
a viscid mass, the polymerization products that were dissolved in the 
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oil. This residue is reported to have some application in waterproofing 
paper. 

The final fractioning of the refined oils is conducted in steam-heated 
stills with columns similar to those used for the rectification of spirits. 
They consist, Fig. 310, of a series of plates, inclosed in a shell, with nozzles 
extending from their upper side, over which are inverted saucers or caps 
so designed as thoroughly to mingle the ascending vapors with the 
descending condensed oils and yet prevent foaming as far as possible. 

These columns were formerly made entirely of copper, as is the practice 
in alcohol rectification, but cast iron, wrought iron and steel are better 
materials, cost less and are not acted upon by the sulphur compounds con¬ 
tained in the oils. Columns frequently have as many as thirty sections 
to do the best work, though by far the greater part of the fractioning is 
done in the first ton or twelve sections. 

Benzol. The crude benzols from light oil are colorless when freshly 
distilled, but they soon become a pale straw color and continue to darken 
for some time. They are known in the trade as crude or “straw-color “ 
benzols of the various grades. 


Fraction 

specific 

Gravity 

5-10 
Per Cent 

90 

Per Cent 

Dry 

Flash¬ 

point 

Straw-color benzol.1 

Crude 90 per cent benzol J 

0.8C0-0.885 

80" C. 

100“ c. 

120“ C. 

below 0“ C. 

Straw-color toluol.1 

Crude toluol .I 

0.860-0.875 

100“ C. 

120“ C. 

140“ C. 

below 0“ C. 

Crude solvent naphtha... . 
Heaw naohtha. 

0.870-0.885 

0 925-0.940 

130“ C. 
160“ C. 

160“ C. 
210“ C. 

190“ C. 
220“ C. 

22-26“C. 
43-45“ C. 



These crude oils are chiefly used as solvents where their odors are not 
objectionable. Crude solvent naphtha and heavy naphtha are also used 
as thinners in certain cheap paints. 

Of the refined oils three are separated in a pure state, C.P, benzol, C.P. 
toluol, and xylol. The first two distill entirely within 2® C., while the last 
is a mixture of the three xylenes and distills from 135 to 145° C. 

C.P. benzol or benzene, has sp.gr. 0.875 to 0.884. Freezing-point 4° C., 
boiling-point 80.2° C. It should distill completely within 2° C., be color¬ 
less and have the characteristic odor. It should not be colored on shaking 
with one-third its volume of C.P. sulphuric acid, 1.84 sp.gr. (96 per cent 
H 2 SO 4 ), and the acid should be only slightly colored after standing for one- 
quarter of an hour. It should be free from thiophens, contain only traces 
of carbon disulphide and from 1 to 3 per cent of inert paraffines. 

Toluol. C.P. toluol or toluene has sp.gr. 0.865 to 0.876, boiling-point 
111° C. It should be colorless and have the characteristic aromatic odor. 
It should not be colored by shaking with one-third its volume of C.P. sul- 
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phiiric acid, sp.gr. 1.84, and the acid layer should not be colored deeper 
than a pale straw aft-er standing for one-quarter hour. In other respects 
it should answer the specifications for C.P. benzol. 

The following refined commercial fractions are colorless and should 
not be colored by shaking with ono-half their volume of C.P. sulpliuric 
acid, nor should the acid layer become colored deeper than a straw color 
in one-half an hour except in the case of 160® and 200® naphthas, when 
the acid may become colored deep red. 


Fractions 

1 

Specific 

Gravity 

Temperaturei? Noted in Distillation. 

Flash- 

Point 



80'» C.-90“ C. 

100* c. 

120* C. 


100 % benzol. 

0 875-0 885 

5-10%-90-95% 

dry 


l»ol()W 0° C. 

90% benzol. 

0 805-0.880 

0 % 

90-92% 

ilry 

below 0* C. 



100* c. 

120* C. 

135° C. 


60% benzol. 

0 8G2-0.880 

60-52%, 

90-92% 

dry 

below 0° C. 

Commerrial UjIuoI 

0.8(55-0.875 

0-5% 

90-95% 

dry 

below 0^ C. 

Solvent or lOC^ 


130* C. 

100* C. 

185° C. 


niiphtim. 

0 800-0 870 

0,5% 

90-92% 

dry 

22-20* C. 



100* c. 

200* C. 

215° C. 


200^ na]ihtha. 

0.879-0,882 

0 - 10 % 

90-92% 

1 

dry 

42-15* C. 


The last two arc not so well washed, therefore the acid becomes more 
deeply colored. 

In Germany the refined “benzols *' are now known as numbers which 
are compared in the accompanying table with our grades. The distillation 
of the German grades in table are also shown. 

Creosote or Heavy Oil. The fraction from the tar still between 200 
and 270® C., and sometimes even higher, contains most of the phenols, 
naphthalene, anthracene, and the accompanying oils. Anthracene will 
be found in large quantities only when the distillation of the tar is carried 
to hard pitch. 

If it is desired to remove the tar acids (phenols) the oil is agitated at 
a temperature of 50 to 70® C. with sufficient caustic soda solution, sp.gr. 
1.116, to combine with them. The alkaline liquor is allowed to settle and 
is drawn off, after which the oil is run into shallow tanks or pans, where a 
large part of the naphthalene separates out as a mass of crystals wlien the 
oil cools. It is possible to treat the oil with successive portions of the 
caustic soda solution so as to obtain, first an alkaline solution in which 
sodium phcnolate preponderates; second an equally pure sodium cresylate; 
and third an unsaturated solution of caustic soda and sodium cresylate 
which is used as the first portion on the succeeding charge. 

The portion containing principally sodium phenolatc is boiled by direct 
steam, and air is passed through the boiling liquid to remove naphthalene, 
hydrocarbon oils, and pyridine bases. In some works the distillate from 
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the boiling carbolato is collected and worked for pyridine and naplitha, in 
winch case the boiling is done by fire-heated still instead of by direct 
steam. The distillate is collected until the purification is nearly complete, 
when the manhole is opened and direct steam and air blown through the 
liquor. After this treatment the carbolate of soda should be soluble in 
water without turbidity. The purified phenolate solution is allowed to 
become cold anti is sriturated with carbonic acid gas, usually obtained from 
the flue ga.ses from the steam boilers. Finally, after the carbonate of soda 
solution formed has been drawn ofT, the decomposition is completed, in a 
lead-lined tank, by a little dilute sulphuric acid, which also aids the sep¬ 
aration of the phenol from the aqueous solution. The sodium sulphate 
solution Is carefully and completely drawn off. The crude phenol thus 
obtained contains from 20 to 25 per cent water and tar. These arc removed 
by distillation in a still similar to a tar still, although much smaller. The 
dry, crude phenol is fractioned in column stills heated by direct fire or 
superheated steam, but otherwise the stills are similar to those used for 
benzols. These yield, first, a crystallizable phenol, second, a fraction not 
sufficiently rich in phenol to crystallize, and a third fraction containing 
principally cresols. The fractioning of the crude phenols is conducted at 
reduced pres.surc at some works. By this proces.s, owing to the low tem¬ 
perature of the distillation, a larger yield of phenol is obtained. 

The crj'stallizable fraction is further purified by repeated crj'stallization 
with the aid of refrigeration and with the addition in the last crystalliza¬ 
tion of water to dilute the cresols present. Finally, these purified crj’stalsare 
redistilled, condensed in block-tin w'onns and collected in tin receivers so 
arranged that they can be heated to melt the phenol in order that it may 
run in a liquid state into containers. 

A properly purified phenol will remain white for more than a year, 
showing no trace of the red color commonly seen in ciy\stal carbolic acid. 

The second portion of the alkaline liquor from the treatment of the 
dead oil, containing largely crcsylatc of soda, is saturated with carbonic and 
sulphuric acids in the same manner as is the portion rich in phenol. It is 
not cu.stomary to boil the cresylate of soda to remove the oils and pyridine 
bases unless it is desired to make pure cresol. The crude crcsol is freed 
from tar and water by distillation and is then marketable as 95 to 100 per 
cent cresylic acid. 

Phenol, carbolic acid, hydroxy-benzene, CcHsOH, when pure, is a 
white, crystalline mass, with sp.gr. 1.084 at O'* C., melting at 42“ C., boiling 
at 182® C., having a characteristic odor and when very dilute a sweetish 
taste. 

It is soluble in all proportions in alcohol, ether, chloroform, glacial 
acetic acid, and glycerine. It liquefies on the addition of 14 to 15 per cent 
of water, and thus becomes the No. 4 carbolic acid of commerce. It dis¬ 
solves in about 20 parts of water at 25® C. It is a corrosive and irritant 
poison. Undiluted alcohol is one of the best washes for phenol burns. 
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Carbolic acid is largely used in medicine and surgery as an antiseptic and 
disinfectant and in the arts in the manufacture of dyes. It is employed 
in the manufacture of picric acid, trinitrophcnol, which finds a large use 
in the manufacture of high explosives and is also used as a yellow dye. 

Cresol, cresylic acid, hydroxytoluene, C 6 H 4 CH 3 OH, is a mixture of 
throe isomers, has a sp.gr. of 1.032 to 1.038 at 25° C., and distills betw'cen 
190° and 205° C. It is used as an antiseptic and disinfectant and is much 
less corrosive than phenol and is a more efficient antiseptic.^ 

The three isomers composing cresol have the following properties: 

Orthocresol, orthocresylic acid, ortho-oxy-toluene, orthomethylphenol, 
C,.H20H(CH3), with the CH 3 and OH groups in the (1-2) position, is a 
white crystalline substance melting at 28 to 30° C. into a colorless liquid 
and boiling at 187 to 189° C. It is soluble in thirty parts of water, in 
alcohol, ether, chloroform, and the caustic alkalies. 

Metacresol, mctacresylic acid, meta-oxy-toluene, metamethylphenol, 
has the CHa and OH groups placed in the (1-3) position, and is a colorless 
liquid, sp.gr. 1.0498 to 1.05 at 0° C. It boils at 202°, is soluble in alcohol, 
ether, chloroform, caustic alkalies, and slightly in water. 

Paracresoli paracresylic acid, para-oxy-toluene, paramethylphenol, with 
the CH 3 and OH groups placed in the (1-4) position, is a white crystalline 
mass, melting at 36° C., and boiling at 198° C. It is soluble in alcohol, 
ether, chloroform, caustic alkalies, and slightly in water. 

Xylenol, di-mcthyl-phenol, hydroxy-xylene. The six possible isomers 
are probably present in the fraction of crude cresylic acid boiling between 
210° and 230° C. and which has a sp.gr. between 1.02 and 1.03 at 15° C. 
They are on the whole considerably more soluble in water and less corrosive 
than the cresols. They are principally used in disinfectants of the “creo- 
lin ” type on account of their high phenol coefficient which is between ten 
and twelve. They are not generally separated from the crysilic acid except 
when pure cresols are made. 

Naphthalene. The heavy oil fraction, if the removal of the naphtha¬ 
lene is desired, is run into shallow tanks or pans, either from the still or 
after the tar acids have been extracted, and allowed to become cold, when 
the larger part of the naphthalene crystallizes. The oil is drawn off and 
the crystals are either shoveled into piles to drain or are passed through 
a centrifugal which leaves the crystals nearly dry and in condition for 
market as “drained creosote salts ” or crude naphthalene. 

Refining naphthalene consists in freeing it from adhering heavy oil and 
from unsaturated, easily oxidized compounds. The crude material should 
be in a coarse crystalline condition to allow of the proper extraction of the 
oil. If it is in a slimy state it should be recrystaUized. The crystals are 
either washed with hot water in centrifugals, which removes the larger 

> Dr. A. P. Hitchins has informed me in a private communication that the toxicity 
of phenols and cresols is directly proportional to their germicidal value and that cresylic 
acid is about three times as efficient a bactericide as phenol. 
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part of the adhering oil, or they are hot pressed in hydraulic presses. The 
latter process is more expensive and less efficient than the former. After 
this operation the naphthalene should have a melting-point of not less 
than 76® C., and will still contain from 4 to 6 per cent of oils. The partly 
purified naphthalene is now distilled, to remove the tarr}-^ bodies that have 
been carried forward from the original tar. This process is conducted in 
plain, externally fired iron stills, similar to tar stills, but with lead worms. 
The distillate is kept in a melted state and run into lead-lined agitators 
similar to those used for benzols, and washed with sulphuric acid, 1.835 
sp.gr., several waters, and finally with caustic soda solution, of about 1.116 
sp.gr. Great care must be taken to remove as much as possible of the acid 
before the first water is added, so as to prevent the tarrj' polytnerization 
products from being redissolved by the naphthalene. The soda .solution 
is draw’n off completely, as small amounts of soda will cause the bottom of 
the still to be rapidly burned out. It is necessary to reject the first portion 
“heads,” and the last portion, “tails,” of the distillate from the final dis- 


Fia. 314.—Naphthalene Subliming Plant. 

tillation of refined naphthalene, as the “heads” are discolored by the 
washings of the worm and with water containing dissolved bases, metallic 
salts, etc., while the oils are concentrated in the “tails.” The sum of the 
rejected portions should not exceed ^ to 1 per cent of the distillate. 

The water-white refined naphthalene is run into shallow pans to cool, 
when it can be broken up and sold as lump, or is run into copper tanks 
heated by steam, from which it is available for casting into balls, etc., or 
for use in the subliming pans. Subliming pans, Fig. 314, are large shallow 
iron tanks heated by steam and connected by an iron hood with a smoothly 
sheathed room in which the sublimed vapors condense in transparent 
plates, “flake naphthalene.” About 150® C. seems to be the most siitis- 
iactory temperature in the subliming pans. A higher temperature can 
be economically employed in winter and a somewhat lower one in summer. 
Naphthalene, CioHs* is a solid hydrocarbon at ordinary temperatures, 
melting at 79-80® C., and boiling at 218® C. Its specific gravity in the 
solid state is 1.151 at 15® C. and in the liquid state it is 0.9778 at 80® C. 
It volatilizes at ordinary temperatures and very readily on the steam bath. 
It crystallizes in transparent rhombic plates, which arc slightly soluble 
in hot water but insoluble in cold water. It is very soluble in chloroform, 
benzene, ether, alcohol, methyl alcohol and paraffine. 
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The purity of refined naphthalene is indicated by the faint purple or 
pink tint when a lump is dissolved in hot concentrated sulphuric acid. If 
the acid is turned a deep red the sample is likely to become discolored on 
standing. Naphthalene is used as the starting-point of several classes of 
colors, including nearly all of the azo-colors and for artificial indigo, in 
candles, celluloid, as a substitute for camphor to prevent moths in woolens, 
and to some small extent as a gas enricher in lights of the albo-carbon type. 
It readily nitrates directly to mono-nitro naphthalene, which crystallizes 
in yellow needles, with sp.gr. 1.331 at 4® C., melting at 56® C., and boiling 
at 304® C. It is easily soluble in alcohol and petroleum oils. Its principal 
uses arc the manufacture of dyes and to remove the fluorescence from 
petroleum oils, for which latter purpose from 2 to 3 per cent is used. 

Anthracene. 7'his oil is the portion of the distillate from coal tar 
which vaporizes above 270® C. At this temperature a cut should be made 
if the distillation is carried to hard pitch. This oil boils between 250 and 
400® C., and has a specific gravity of nearly 1.1. Its color is yellowish- 
green when first made, but it darkens to almost black. It contains besides 
anthracene, naphthalene, methylnaphthalene, pyrene, acridenc, phenan- 
thracenc, fluorene, etc., all of which are solids, except methylnaphthalene, 
and a mixture of oil of which we know very little. 

The anthracene fraction is run into shallow tanks and the solid com¬ 
pounds separate out on cooling. This process requires from one to two 
weeks. 

Refrigeration has been tried to shorten the time, but it makes the oils 
more viscid and the separated crude anthracene much more impure. The 
semi-solid mass is transferred to bag filters or to a filter press and as much 
as possible of the oil driven out by compressed air. The nearly dry cakes 
from the bags or filter press, containing about 10 to 15 per cent anthracene, 
arc subjected to a pressure of from 60,000 to 70,000 lbs. in hydraulic presses 
so arranged that they may be kept hot by steam coils or steam-heated 
plates. This treatment brings the anthracene content to from 25 to 35 
per cent. These press-cakes are ground and purified by washing in a closed 
agitator with hot solvent naphtha from the light oil. 

Lower boiling benzols have been used for this purpose, but they dissolve 
the anthracene itself. The whole charge, when thoroughly mixed, which 
may require several hours, is run into a closed filter and the solvent removed 
by compressed air. Pyridine bases are said to be a better solvent for the 
anthracene impurities than solvent naphtha and are said to yield 80 per 
cent anthracene, while 70 to 75 per cent is the limit with solvent naphtha. 

A somewhat purer anthracene is produced by the sublimation of the 
washed material. The subliming pans are similar to those used for naph¬ 
thalene except that they are heated by fire and have jets of superheated 
steam impinging upon the surface of the melted anthracene. The vapors 
are condensed by water jets. The oil from the first crystallization of the 
crude anthracene is distilled in a clean still till crystals appear upon cooling 
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the distillate, when the residue containing the anthracene is run into pans 
and treated the same as the original fraction. 

When the oil will yield no more anthracene it is used to soften, “cut 
back,” pitch, as “Carbolineuin Avenarius,” for the treatment of timber, 
or mLxed with the creosote oil. 

Anthracene, CuHio, was discovered by Dumas and Laurent in 1832 
and recognized as a characteristic constituent of coal tar by Fritzsche in 
1867. It boils at 363 C., melts at 213** C., and has a specific gravity of 
1.147 at 15® C. It crystallizes, when pure, in white or yellow rhombic 
plates with a blue flviorcscence. It is soluble in benzene, ether, chlorofonn, 

carbon bisulphide, and in hot alcohol, but only sparingly soluble in cold 
alcohol. 

It Is slowly converted by sunlight into paranthracene. It Ls of great 
importance comn\ercially as the starting-point for the synthetic alizarines. 

The U. S. Census Bureau reports the production and use of tar in U. S. 
gallons as follows: 


PRODUCED 



1900 

1920 

1927 

CoaJ tar. 

21,GS0,00O 

82,180,314 

nnno 

A 1 1 OOQ 

599,052,000 

82.528.822 

139.034.166 

459,417,834 

Watcr-giuj tar. 


Coal tar burne<l 

1 lUvU/OjlAif 

tftO 7151 

Coal Uir sold. 

22,004,600 

i 1 UUy /Jo 

0^0 7f\*; 




Most of the coal tar burned is used with producer gas to heat open hearth 
furnaces for the production of steel. The incandescent carbon of the 
burning tar facilitates the regulation of the flame and increases the rapidity 
of the melting process. 

The average price per gallon of the coal tar sold has increased steadily 
from 2.5fi in 1900 to 1910 to 5.2<‘ in 1927. 

There has been a considerable increase in the exports of tar and some 
decrease in the imports as reported by the U. S. Department of Commerce: 



1910 

1920 

1927 

Coal-tar exports, barrels. 

110,523 

35,658 

88,350 

11,901 

673,419 

12,951 

Coal tar imports, barrels. 



From the above statistics it will be seen that there has been a very large 
expansion in the industry in the last 20 years. 
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THE PETROLEUM INDUSTRY 

GUSTAV EGLOFF 

Universal Oil Praducls Co., Research Laboratories, Chicago, U. S. A. 

The Petroleum Industry. Petroleum is one of the most fascinating 
subjects in the world, either from the strictly scientific or from the indus¬ 
trial point of view. As an industry its sheer magnitude is staggering, with 
an investment in the United States alone of §11,000,000,000 and an annual 
production of over 1,000,000,000 barrels of crude oil, from which 15,000,- 
000,000 gallons of gasoline is manufactured. As a subject for research, 
petroleum presents problems of great complexity and compelling interest. 
It is composed essentially of hydrocarbons, and probably contains hundreds 
of these substances. But the problem of separating and identifying them 
has not yet been fully solved, nor have all the possibilities which they offer 
to science and technology been worked out. 

Origin. The origin of petroleum is uncertain, and is a subject which 
probably has been debated as much as any in geochemistry. Of the theo¬ 
ries which have been developed to account for petroleum, no one is uni¬ 
versally accepted, although no doubt all contain some element of truth. 

Clarke * summarizes the attempts to explain the formation of petroleum 
as follows: 

“Berthelot^ started from a supposition of Daubree that the interior 
of the earth might contain free alkaline metals. Upon these, as Berthelot 
had previously shown, carbon dioxide could react at high temperatures, 
forming acetylides from which, with water, acetylene would be gen¬ 
erated, with all of its possibilities of condensation into higher hydro¬ 
carbons. The weak point of the hypothesis, which Berthelot only advances 
tentatively, is that no evidence exists to show that the alkaline metals 
are present in an uncombined state at any point below the surface of the 
earth. The starting point is a pure assumption, which is more likely to be 
erroneous than true. 

“We come next to the famous carbide theory of D. Mendeleef,^ pub- 

» "Data of Geochemistry,” p. 744 et seq., Bulletin 770, U. S. Geological Survey, 1924. 

* Annales chim. phys., 4th ser., Vol. 9, 1866, p. 481. 

* Bcr. DeuUch. Chem. Geaell., Vol. 10, 1877, p. 229; Jour. Chem. Soc., Vol. 32, 
p. 283. See also Mendeleef’s “Principles of Chemistry,” En g l i s h translation, Vol. 1, 
1891, pp. 364-366. 
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Ibhed in 1877. This thoorj' prcsripposcs the existence of iron carbi<h‘s 
within the earth, to which percolating waters gain access, generating 
hydrocarbons. If such carbides exist at reasonable depths below the .sur¬ 
face of the earth, the suggested reactions would presiiniably take i)lace; 
but the major premise is as yet unproved. The actual existence of the car¬ 
bides in nature remains to be demonstrated. 

“N. V. Sokoloff,* in 1890 argued that the bitumens arc of cosmic origin, 
formed initially during the consolidation of the planet, inclosed within 
the primeval magma, and since emitted from the earth’s interior. In 
support of this conception he cites the occasitmal finding of hydrocarbons 
in meteorites,2 cases in which the possibility of an organic origin seems to 
be absolutely excluded. O. C. D. Iloss ^ tried to show that p(>troleum may 
originate from the action of solfaHiric gases upon limestones. 

“Englcr’s ‘ researches have led to a widespread belief in the animal 
origin of petroleum, although the details of the transfonnation process 
arc vorj' diversely interpreted. He distilled menhaden oil, unsaponified, 
at a temperature between 320® and 400®, and under a pressure of ten atmos¬ 
pheres. The distillate resembled petroleum and contained the paraffins 
from C 5 H 12 up to C 7 H 1 C. In a later memoir ho mentions the isolation of 
normal octane and nonane, with secondary hexane, heptane, and octane. 
In a still later research with T. Lehmann ■"* he also obtained olefines from 
C 0 H 12 up to CoHi 8 and some derivatives of the benzene scries. Tlic.^e 
experiments upon fish oil confirmed those of U'arren and SUjrer, but dif¬ 
fered from theirs in the direct use of the oil instead of its fatty acids alone. 
The lime soap of the American chemists contained only the acids of the 
oil, separated from its glycerine. The entire oil was used by Engler. From 
this crude product lOngler al.so prepared an illuminating oil, practically 
indistingiiishable from commercial kerosene. 

“Engler® himself ascribes the derivation of petroleum from animal 
remains to a putrefactive process, which removes the nitrogen com¬ 
pounds. The fats remain, to be altered by heat and pressure into 
hydrocarbons, whose boiling points lie below 300®; and these later undergo 
a partial auto-poIymcrization into denser forms. How far such a 
polymerization may be possible, if indeed it is possible at all, is a matter of 
uncertainty. 

“Several other writers have brought evidence to bear in favor of the 
derivation of petroleum from fish remains. Diculafuit^ observed that 
the copper shales of Mansfeld are strongly impregnated with bitumen, and 
also rich in fossil fish. The petroleum of Galicia is always associated with 

* Bull. 80 c. imp. nat. Moscow, new ser., Vol. 3, 1890, p. 720. 

*Sec F. Wtihler, Liebig's Annalcn, Vol. 109, 1859, p. 349. 

•Chem. News, Vol. 04, 1891, p. 14. A criticism by Redwood, p 215 

«Ber. 21, 1810 (1888). 

‘ Ber., 30, 2305 (1889), Vol. 28, 1900, p. 429. 

• Ber. Deuteeb. Cbem. Geaell., Vol. 30, 1897, p. 2358. 

’ Cited by A. Jaccard, Arch. sci. phys. nat., 3d ser., Vol. 24, 1890, p. 106. 
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incnilitic schists in which fish remains arc peculiarly abundant. C. Engler ‘ 
city's some computations by Szajnocha, to the effect that the annual catch 
of herring on tlie north coast of Germany would, if its fats were half con¬ 
verted into petroleum, yield in 2,560 years as much oil as Galicia has pro¬ 
duced. G. A. Bertels,2 on the other hand, attributes the Caucasian petro¬ 
leums to the decomposition of mollusks. In the Kuban district, the oil, 
accompanied by salt water, exudes directly from beds of molluscan remains, 

which occur in enormous quantities. 

"In 1899 A. F. Stahl » and, independently, G. Kramer and A. Spilker 
called attention to a possible derivation of petroleum from diatoms, which 
abound in certain bogs. These organisms, according to Kramer and 
Spilker, contain drops of oily matter, and from diatomaceous peat a waxy 
substance, resembling ozokerite, can be extracted.® The theory, based 
upon these data, is briefly as follows: A lake bed becomes filled in time with 
diatomaceous accumulations, over which a cover of other growths or depos¬ 
its is formed. By decay of the organic substances, ammonium carbonate 
is produced, which hydrolyzes the wax, and from the resulting acid carbon 
dioxide, carbon monoxide, and water arc gradually eliminated. Ozokerite 
is thus formed, which, at moderate temperatures and under pressure, 
becomes converted into liquid petroleum. With higher temperatures and 
pressures, in presence of sulphur, heavier oils and asphalt may be generated. 
In support of this hypothesis the authors describe a lake bed, near Stettin, 
which is about 23 feet thick and consists chiefly of diatoms. This deposit 
yields a wax containing over 10 per cent of sulphur, and from it a hydro¬ 
carbon, resembling the lekcnc from ozokerite, was isolated. 

"Kramer and Spilker’s views have not met with very general accep¬ 
tance, but they seem to contain elements of value. H. Potonic’s hypothe¬ 
ses,® for example, seem to be a broadening of Kramer and Spilker’s. This 
writer calls attention to the ‘ faulschlamm ’ or ‘ sapropel,’ a slime, rich in 
organic matter, which is formed from gelatinous algae, and accumulates at 
the bottom of stagnant waters.” 

Constitution of Petroleum. Petroleum (Latin peira, stone, and oleum, 
oil) is essentially a complex mixture of hydrocarbons, of widely different 
boiling point. The chemical individuals in petroleum are probably num¬ 
bered by hundreds. These hydrocarbons are accompanied by organic 
compounds of sulphur, nitrogen, or oxygen, present in from negligible 
amounts to a number of per cent. Clay, water, asphalt, and resins, and 
mineral salts are also often present, dissolved or emulsified in the oil. 
Traces of a considerable number of chemical elements have been found in 

‘ Ber. Deutsch. chem. GescH., Vol. 33, 1900, p. 16. 

»Cited by Hofer, Das Erdol, 1906, p. 219. 

* Chem. Zeitung, Vol. 23, 1899, p. 144. Also note in Vol. 30, 1906, p. 18. 

‘ Ber. Deutsch. chem. Gesell., Vol. 32, 1899, p. 2940; Vol. 35, 1902, p. 1212. 

‘ See also C. F. Guignet, Compt. Rend., Vol. 91, 1880, p. 888, on wax from peat. 

• Natur. Wochenschr., Vol. 20, 1905, p. 699. 
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petroleum. Thomas* reported the mineral eon.<tituents of the ash from 
petroleum to include: iron, vanadium, nickel. manpines<\ phosphorus, 
tin, lead, cobalt, titanium, aluminum, pold, ami silver. Not all of these 
could lx* detected in any one oil sample. 

Of particular importance are the sulphur eompouiuls occurrint; in crude 
oil. These* may be hydrogen sulphide di.s.s<)lved in the oil. or organic .sul¬ 
phur compounds present as a constituent part of the petroleum. The 
sulphur content of oils vari<-s from a negligible amount in the Pennsylvania 
field to over 2 per cent in some oils from C alifornia, West Te.xas. an<l 
certain other fields. While the chemical nature of the sulphur compounds 
in petroleum is not fully known, rnercaptans, .«ulphides and thiophanes 
(C'nHonS series) have been reported. 

Sulphur compounds, particularly liydrogen sulphide*, are very corrosi\-e 
to oil-storage tanks, stills, and other equipment, and by this corrosion 
cau.se great lossc.s to the oil imlustry. 

The nitrogen content of crude oil varies from a few hundrodlhs of one 
per cent to over 1 per cent. The compounds present are thought to be 
largely related to pyridine. 

The oils from different fields varj’ greatly in physical properties ami 
in chemical composition. The gasoline cont(>nt of crude oils ranges from 
zero to nearly 100 per cent. Hydrocarbons of paraffin, umsiituratod, 
naphthene, and aromatic series occur in varying proportions. In Penn- 
syivaniu oils, for example, the paraffins pretloininatc, wliile in California 
large proportions of naphthenes and considerahh* amounts of aromatics 
arc found. Some Borneo oils are eompo.sed largely of aromatics. Crudes 
arc designated a.s paraffin, asphaltic, or mixed hast*, depending upon the 
nature of the high boiling .solitl constituents they contain. 

Bitumens Related to Petroleum. Clarke* states: “Between liquid 
petroleum and solid a.sphult there are nuinberle.ss intermeiliate substances. 
Indeed, there is no distinct break in the continuity of the scries from natural 
gas to biUiininoiis coal. Sonic of the heavier hydrocarbon mixtures are 
viscous, pasty sc'rnifiuids; other are black, Inittlc solids, which resemble 
coal in their outward appearance. Alhcrtite, grahainitc, uintaite, and the 
so-called ‘pitch coal ’ of Oregon are familiar examples of these .solid forms. 

“Many of the solid hydrocarbons have been de.scribed as mineral 
species and given specific naines.^ Schccreritc, fichtelite, konlite, hatchet- 
titc, ozokerite, zietrisikite, olatcrite, hartito, napalite, tabbyite, etc., arc 
among these sub.stancos. They vary widely in comixisition, being com¬ 
monly, if not in all cases, mixtures, and they represent different series of 
hydrocarbons. They also occur under widely differing conditions, indicat¬ 
ing genetic distinctions. Some arc found in coal in such a way as to show 
their derivation from vegetable resins; others appear to be inspis&ited 

* J. Institution Petroleum Technologists, 10, 21G (1924). 

* Loc. cit., p. 737 et seq. 

*See Dana, “Syatera of Mineralogy,” 6th ed., pp. 996-1024. 
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petroleums; others again are associated with metallic ores, and are seem¬ 
ingly of solfataric origin. Napalite, for example, is found with ores of 
mercury in California, and the oxygenated compound idrialitc occurs 
under similar conditions in the quicksilver mine of Idria. ‘ Most of these 
substances are found in small quantities, and are so imperfectly described 
that they neetl no detailed consideration here. Others, like ozokerite, 
albcrtite. grahamite, uintaite, and the various asphaltums and bitumens, 
occur in large deposits and are of commercial significance. 

“Ozokerite, for instance, is an important source of paraffin. In fact, 
it appears to consist largely of the higher hydrocarbons of the paraffin 
series, although some varieties probably contain compounds of the form 
C„H2n. 

“Uintaite, or gilsonite,^ is another black brittle lustrous mixture of 
hydrocarbons found in the Uinta Mountains, Utah. Another similar 
minenil from Utah was named w'urtzilite by W. P. Blake.^ The exact 
nature of these hydrocarbons is yet to be determined. The same remark 
may be applied to the albertite ^ of New Bnmswick, the grahamite ^ of 
West N'irginia, the ‘pitch coal ’ ® of Coos Bay, Oregon, and other like sub¬ 
stances. The albertite and grahamite fill veinlike fissures in the country 
rock, into which they were possibly injected when fluid. These hydro¬ 
carbons, it should be observed, are fusible, therein differing from coal. 
They are also variably soluble in organic solvents. 

“In most cases the solid hydrocarbons found in nature are not given 
specific names, but arc known generically as asphalt or bitumen. There 
arc also mixtures of these substances with the material of sandstones, 
shales, and limestones, forming the so-called asphalt rocks, from which 
oils or tars can be separated by distillation or melting. 

“Asphalt and asphalt rock are widely diffused in nature, being found 
in all parts of the world. Probably the most remarkable occurrence of 
asphalt is that of the famous ‘Pitch Lake ’ in Trinidad, which has been 
many times described—best, so far as chemical questions are concerned, 
in three papers by Clifford Richardson.^ According to Richardson, the 
‘lake’ occupies the crater of an old mud volcano or geyser, which has 

^ Bitumen is also common in the New Almnden mines. Its association with the lead 
and zinc ores of Missouri and with the copper-bearing shales of Mansfeld, Germany, is 
an occurrence of a different order, with which solfataric action has nothing to do. 

* Uintaite has priority, but gilsonite is the name most commonly used. 

* Trans. Am. Inst. Min. Eng., Vol. 18, 1890, p. 497; Eng. and Min. Jour., Vol. 48, 
1889, p. 542; Vol. 49, 1890, p. 106. 

* C. H. Hitchcock, Am. Jour. Sci., 2d ser., Vol. 39, 1865, p. 267; and S. F. Peckhom, 
idem, Vol. 48, 1869, p. 362. 

® J. P. Lesley, Proc. Am. Philos. Soc., Vol. 9, 1863, p. 183. 

* W. C. Day, Nineteenth Ann. Kept., U. S. Geol. Survey, pt. 3, 1898, p. 370. 

^ Jour. Soc. Chem. Ind., Vol. 17,1898, p. 13. Rept. Inspector Asphalts and Cements, 
Washington, D. C., year ending June 30, 1892; Proc. Am. Soc. Testing Materials, 
Vol. 6, 1906, p. 509. 
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become filled with ‘pitch.’ This is an emulsion of wat^r, rjus, bitumon, 
with some other organic substances, and mineral matter. The gas, wliicli 
is continually evolved, consists principally of hydrogen sulphide and car¬ 
bon dio.vide. The w'atcr which permeates the pitch is rich in s;iline matter, 
mainly sodium chloride, but it also contains small (piantities of borates 
and of ammoniacal siilts, which indicate that it is probably of volcanic 
origin. An analysis of the purified bitumen gave the following result-s: 


Analysis of Tuinidad Bitu.men* 



Per C<*nt 
82.33 
10.69 
6. IG 
.81 


99.99 

"The sulphur content of this material led to an investigation of other 
asphalt-s. In eighteen hard asphalts, the sulphur has been aetive in harch'n- 
ing the bitumen; that is, in effecting the condensiition and poljanerization 
of the hydrocarbons. Richardson concludes that the bitumen consists in 
great part of unsaturated hydrocarbons, but their exact nature remains 
undetermined. 

“In a recent article Richardson * has also studied at length the nature 
of grahamite, and given many analyses of samples from different localities. 
It is mainly derived from the condensation of paraffin oils, and so differs 
from gilsonite and manjak, which were formed by unsaturated hydrocar- 
lx)ns. Grahamite differs from albertite in being .soluble in carbon bisul¬ 
phide; a distinction which leads to the designation of albertite as a pyro- 
bituincn, or more completely metamorphosed petroleum.” 

Development of the Petroleum Industry. In 1928 the world produced 
over 1,300,000,000 barrels of petroleum. The demand for petroleum ha.s 
increased rapidly in recent years, with the grc»at increase in the use of the 
automobile. With the 1928 volume should be compared the 150,000,000 
barrels which was the world’s total production in 1900, or the 400,000,000 
barrels in 1914. 

The United States is by far the largest producer of crude oil. Of the 
1928 production this country produced 902,000,000 barrels or 08.2 per 
cent. In 1929 over 1,000,000,000 barrels of oil were brought from the earth 
in the United States, to fill the needs of its 26,000,000 automobiles. The 
following table shows the petroleum production of the United States and 
of the world by decades since 1859. 

* Jour. Am. Cbem. Soc., VoL 32, 1010, p. 1032. 
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WORLD’S PRODUCTION OF CRUDE PETROLEUM • 


(Thousands of barrels of 42 U. S. Gallons) 


Year 

World 

United Siatoa 

1859 

6 

2 

1860 

509 

600 

1870 

5,799 

5,261 

1880 

30,018 

26,286 

1890 

76,633 

45,824 

1900 

149,137 

63,621 

1910 

327.763 

209,557 

1920 

688,804 

472,929 

1928 

1,322,896 

902,000 

Total 1859-1928. 

17,144,961 

11,243,676 

Per cent of total produced by United States. . 65 


• •• r^eroloiini Facts and Figures/' p. C. Authority U. S. Bureau of Minca. American Petroleum 
Institute, 1920. 

Besides the United States the great producers of crude oil are Venezuela, 
Russia, Mexico, Persia, Roumania and the Dutch East Indies. The 1928 
petroleum production, by countries, is shown. 

Crude Oil Resources. The total amount of crude oil in the earth’s crust 
is unknown, and unestimated, but it is assuredly a staggering volume. 
Geologists state that in the United States oil discovery is a possibility 
in 1,100,000,000 acres, or 66 per cent of its total land area. The con¬ 
trast of this huge territory with the 2,000,000 acres producing oil at the 
present time, makes it certain that new fields will be continually discovered 
and that the oil supply will prove ample for many years to come. What 
is true regarding the potential oil production of the United States probably 
is true in even greater measure for many of the other countries of the world, 
where oil exploration has been even less thorough than in the United States. 

As has been shown, from the beginning of production on a significant 
scale in the year 1859 to the end of 1928, the oil fields of the world produced 
17,000,000,000 barrels of petroleum. But this is only a fraction of the 
oil resources of the producing areas. It is estimated that at most, 20 
per cent of the oil in the ground is brou^t to the surface by present 
methods of recovery. For every barrel of oil produced at least four barrels 
remain in the earth. While 17,000,000,000 barrels of oil have come from 
the wells, 68,000,000,000 barrels or more are still in the oil sands. This 
oil alone, could it be recovered by means of flooding, repressuring or min¬ 
ing, would supply the world’s needs for over fifty years. 

Since the foundation of the petroleum industry many predictions of 
oil shortage have been made. But despite the stupendous increase in the 
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WORLD S PRODUCTION OF PETROLEUM IN 1028 * 



Barrels of 42 

U. S. Gallons 

Percentage 
of Total 
hy N'olumc 

United Slates. 

/ 

‘M)2,000.000 

liS 2 

\*enozu€la. 

10(),0tX),000 

8 0 

Russia. 

87,800,000 

n 7 

Mexico. 

50,150.000 

3 8 

Persm. 

42.080,000 

3 2 

Roumania . 

:jo.(ioo.ooo 

2 3 

NetluTland Ea«t Intlics.. . 

28.500,000 

2 2 

O>lonibia. 

19.900.0(K) 

1 5 

Peru. 

11,970,000 

.9 

Art'ontina. 

9,100,000 

m 

. i 

India, British. 

8,300,000 

.0 

Trinidad.. 

7,750,000 

.0 

Poland. 

5,530,000 

.4 

Britisli lioriiw, Sarawak.. . 

5,290,000 

4 

E^ypt. 

1,840,000 

1 

Japan and Taiwan. 

1,800,000 

1 

Ecuador. 

1,090,000 


Germany. 

083,000 


Iraq. 

050,000 


Canmia. 

G18,(KM) 


France. 

520,000 


Sakhalin, Russia. 

509,000 

. 2 

C/ecliosIovakia. 

150,000 


Italy. 

43,000 


Other Countries. 

23,000 



1,322,890,000 

100 0 


• Ibi.l-, p. 1. 


use of petroleum during the last two deca<los, discovery of new fields has 
never failed to keep pace with the demand. At tlio present time the 
world’s output of oil is far below the capacity of the wells now producing. 
Proration and drilling agreements arc holding back a veritable flood of 
crude, which could be produced in amounts far exceeding present require¬ 
ments. In view of the known crude oil reserves, tlie Viist amount left 
underground by present production methods, and the undiscovered fields 
that no doubt exist, an oil shortage, de.spitc the gloomy prophets, is far in 
the future. 

It may not be too optimistic to predict, considering past and present 
experience throughout the world, that crude oil will be our dominant 
source of gasoline for at least a century to come. 

Petroleum Production. Petroleum has been used as medicine, fuel, 
and illuminants for hundreds of years. Well-authenticated references to 
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it date from the second century a.d. The oil fields of Baku and of Rou- 
mania were kno^m to remote antiquity. The American Indians made 
medicinal use of oil from springs. 

Tlie American petroleum industry is usually considered as dating from 
1859, when the famous Drake well was drilled in Pennsylvania. Before 
tliat time, however, kerosene had been made from skimmings of oil springs, 
as well as by the distillation of coal. The introduction of drilled wells 
made available a greatly increased supply of crude oil and therefore stimu¬ 
lated its large scale exploitation. 

Finding Oil. Karly oil wells were located by surface indications, by 
general geological conditions, or sometimes by the divining rod or pure 
guess-work. Present-day wells, although going to great depths, are more 
likely to find oil than was formerly the case because of geophysical pros¬ 
pecting methods recently brought into use. These include the employ¬ 
ment of the seismograph, torsion balance, and magnetometer. Subsurface 
geology has received great attention. By “core-drilling” the strata 
encountered in putting down a well can be carefully studied. Oil-producing 
zones are distinguished by certain typical fossils, and by the presence or 
absence of certain minerals. These may be detected by microscopic 
examination of the pulverized cores. 

Oil Well Dnlling. Two methods of drilling oil wells are in general use, 
the “cable tool,” and the “rotary.” 

In cable-tool drilling a heavy bit suspended in the boring is repeatedly 
lifted and allowed to fall freely upon the formation below, disintegrating it. 
Water is introduced (unless encountered underground) to form a “mud ” 
or emulsion with the drillings, which is removed by means of a bailer or 
sand pump after each few feet of drilling. The “mud ” must be balled out 
frequently as the tools easily become “mudded up.” 

To avoid a crooked hole it is necessary that the tools shall “turn ” 
continually during the drilling. Generally the action of the drilling cable 
and the glancing blows of the bit impart a turning movement to the tools 
without any outside assistance. When starting the well or in soft forma¬ 
tions at shallow depths it is necessary to cause the tools to change position 
with each stroke. Despite all the precautions used, a well in drilling may 
depart more than 500 feet from the perpendicular. 

Rotary drilling resembles boring with an auger. Mud-laden water 
under pressure is pumped inside a rotary drill pipe and ejected outward 
with great force through two small apertures in the bit against the bottom 
of the hole. The fluid then flows upward outside the drill pipe, carrying 
the borings with it. The pounding action of the pipe, due to its sidewards 
movement within the hole, causes the fluid to plaster the unlined wall of 
the well as it rises, so that it may stand without caving. 

Fig. 315 shows a steel derrick and Fig. 316 the turntable and other 
equipment used in rotary drilling. 

With either method the diameter of the well is much greater at the 
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start- than when completed. Concentric .strings of steel “casing ’* are set 
within the hole, running to succc.'^sivcly greaUT depths, and drilling 
tools of progres.sively smaller diameter are used. A hole at. first 18 
inches in diameter may contain 15]-inch, 12J-inch, 10-inch an<l O^-inch 
casing. 

In the United States the cable tool system was used almost exclusively 
until about 1900. The rotar>' method then began to attract considerable 
attention, and during the last ten years its use has greatly increased. 



Fio. 315. 


The rotary' method is the more economical and more successful in drill¬ 
ing through .sand, clays, soft shales and alluvial deposits. In these cases, 
where the strata arc not hard, its use is conducive to great speed in drilling 

It Ls also advantageous in caving and heaving formations, which greatly 
delay the cable-tool driller. 

The cable-tool method is considered the more suitable for limestones 
and hard rocks, which arc readily broken up and pierced by the heavy 
blows of the tools. Moreover, cable-tool drilling is preferred for “wild- 
cattmg " (test drilling in unproved areas) wlierc record of the formations 
penetratx>d must be kept. Rotary drUling, with the hole continually full 
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of tTiiid-ladon water, is not so sensitive as cable-tool (IrilUnp; to changes in 
rock formation, or other subsurface conditions affecting operation. 

In a few cases it has been found desirable to make use of a combination 
outfit. eompriMiig equipment for both cable-tool and rotar>' drilling. This 
allows ciiange from one method to the otiier if changes in the formations 
(“ncountercMl make this desirable. 

Cost of Oil W'dls. The cost of drilling an oil well runs from SIOOO to 
over 8200.()()(). The average in the United States in 1928 was $22,500. 



I'lo. 310.—Interior View of Rir, Showing Workman Operating Special Brake Mech¬ 
anism Capable of Exerting a Pressure of 4500 Poumls if Necessary. 


The average cost varies in different fields, running from $12,000 in some 
Oklahoma fields to $90,000 in California.^ 

The tendency in well drilling has been to go to ever greater depth. In 
a number of cases under a nearly exhausted field great resources of high- 
quality oil have been discovered by going to lower levels. One well is now 
producing from a depth of over 8500 feet, while a test well has passed 9000 
feet and is planned to go to 10,000 feet or more. The new Kettleman Hills 
Field in California, in which the producing sands lie at great depth, fur- 

‘ " Petroleum Facts and Figures.” American Petroleum Institute, pp, 118-127, 


1929. 
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nishcs a higher grade of oil from the standpoint of gasoline content than 
any other major oil field. 7'here the average well is somewhat more than 
7000 feet deep and costas in the neighborhood of $200,000. C'.as pre.ssures 
e.stimated at 2500 pounds per square inch arc encountered in the wells. 

Rale of Oil Rroduction. For a time a new well produces a ven,' large 
volume of oil, which in some oases has reached over 100,000 barrels per 
day and not uncommonly amounts to over 5000 barrels. A large volume of 
natural gas accompanies the oil. The first flush production .soon drops, but 
the well will continue to flow or to produce oil by pumping for many years. 
According to data of the American Petroleum Institute, “One year after 
reaching peak production, oil fields show, on an average, a falling off in 
output amounting to about GO to 60 per cent. Two years after the peak, 
the average decline is over 70 per cent, and three years after around S() 
per cent.’’ 

In March, 1929, there were 316,000 producing oil wells in the United 
States. The average production per well was eight barrels per day. Three 
hun<lrcd tliousand wells, however, produced le.ss than three barrels per day, 

and 6000 of the wells were yielding one half of the countej^’s total oil pro-' 
duction. 

Special Production Methodn. It has been found that limiting the 
flow of gas from a producing oil field and returning gas to the wells (a 
process known as repressuring) greatly increases the total output. Flood¬ 
ing an oil field with water also stimulates production in some cases by 
displacing the oil held by the sands in tlie producing zone. This method 
has been notably successful in the Bradford field of Pennsylvania. 

In place of pumping, oil may be brought to the surface of the well by 
the air or ga.s lift. 

Emulsions and Dehydration. A great many wells produce oil ami water 
in an emulsified condition. In fact, the volume of water may exceed that 
of oil. Sometimes this water separates at once from the oil, but very 
often a considerable arnotint of emul.>^ion remains. Emulsification may add 
so greatly to the viscosity of the oil that the emulsion resembles liver. 

Oil is not generally accepted for transportation by i)ipe line if it con¬ 
tains more than a few per cent of water. Moreover, wet oils arc difficult 
to distill. Consequently emulsified oil is usually dehydrated soon after 
it is produced. Dehydration is accomplished by distillation Tinder atmos¬ 
pheric or Buper-atmo.spheric pressure, or sometimes by merely heating 
and allowing the water to settle out, other means, such as an electrical field, 
the centrifuge, chemicals, or a combination of two or more of these, are used 
in the case of “tight ” cmulsion.s. 

Transportation of Oil. Crude oil is carried throughout the United 
States by a vast system of pipe lines. In some cases oil is transported a 
distance of 1500 to 2000 miles, as from the mid-continent fields to the 
eastern seaboard. These pipe lines range in diameter from 2 to 16 

* Ibid., p. 88. 
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inclics. They appropatc 100,000 miles, and represent an investment of 
close to 81,000,000,000. One hundred fifty thousand tank cars and 484 
tankers, totaling 2,500,000 tons, are also major units in the American 
oil transportation system. 

In Fig. 317 is shown the laying of a pipe line. It is being coated with 
a bituininic protective coverifig before it is placed in the ground. Fig. 
318 shows reconditioning. The pipe line is being scraped by a traveling 
machine and the cleaned surface covered with a protective coating to resist 
soil corn) i'> i, 



Fio. 317. 


Petroleum Refining. Atmosiiheric Dislillaiion. Gray states:^ 

“The first step in the separation of petroleum into its various products 
is fractional distillation, and this is modified according to the nature of the 
crude oil, and the products desired. The horizontal steel stills used for 
this operation vary in construction, but those in general use in this country 
are cylindrical steel shells set in brickwork, the upper half being exposed 
except for an iron jacket covering. The largest stills of this type are about 
42 ft. long by 15 ft. in diameter, with a charging capacity of about 1200 
(42-gallon) barrels. They may be either end or side fired, the latter being 
preferable on account of the case with which the still can be controlled. 
The fuel used may be cither coal or oil. 

“The stills are usually fitted with domes at the top which are connected 
with 12- to 16-inch vapor pipes, or ‘goose necks ’ that lead to condensers. 

‘“Manual of Industrial Chemistry,” Rogers, Third Edition, 1920. 






THE I'ETKOLELM IXDl sTUV 


s.’)9 

Ttio conflcns^or^ consist of coils of pipe set in f;inks. tliroii-h uliich <-(.1,1 
water is circiilatod. The pipes conneciin'r the condiaiM-r eoiK witli tin- 
Mail lu)use.’ ^o!lle distance away, are call<‘d the Mnnniim line>.‘ and are 
usuall\' [jrovided with trap> for separaiinn tlie uncoiiden-ed <ia'^, wliii h is 
subjected to i)res>ur(‘ in order to seixirate the liylit ^Mavity tra'oline carried 
by it. 1 he residual j:as i< ut ili/:ed in ^a*' enj^ines or burned un<l<-r t la* st 
1 lie runiiint; liju- are intercei)ti'd in the Mail house’ by 'look l»o\(‘s ’ 
enclosed with ;:Iass, so that the kstreatn ' fdistillate fiowint; from the 
condenser) can be watcliod by the stillman in charge. The look ]K)xes 



Ekj. 318. 

are equipped with .small cocks, .so that samples can be taken from time to 
time. The proee.s.s is usually controlled by the gravity of tlie stream 
or other simple te.st.s made by the stillman. The bottom of the ‘look 
box connects with a manifold usually Iiaving cocks or valves, so that the 
distillate may be run into any receiving tank <1(‘ ired. 

"In some refineries, .several stills are connected .and run eontinuously 
by simultaneously cliarging into the first .still .slowly, ami pumping froin’ 
the last, each still being fired stronger than the preceding one, so that, dif¬ 
ferent Ujiling-pf>int fractions arc obtained from each one. 

“When distilling oil continuously tlie heat from the reduced oil pas.^ing 
from the la.st still is transferred to the oil Uang charged into the first still 
by pas.sing tlu^ liot and cold oil in opposite dirccHons through an exchanger' 
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Tho oxclianpor consists of a system of coils arranged in a steel shell; the 
hot oil passing through the coils gives up its heat to the cold oil being 
pumped tlirough the shell to the still. 

“When lubricating oils of superior quality, such as spindle and cylinder 
oils, are being manufactured, it is necessary to prevent the decomposition 
of tlie cruile oil as much as possible. This is accomplished by introducing 
steam (dry but not necessarily superheated) into the oil in the still by 
moans of ji perforateil coil. The atmospheric pressure upon the mixture 
is divided b(‘t%veen tin* hytlrocarbons and the steam and the partial pressure 
on the hydrocarbons is less than the atmospheric pressure, consequently 
they distill over at temperatures lower than their normal boiling point.s. 



Fio. 319. 


The steam jets also keep the oil in a constant state of agitation, thereby 
preventing it from getting overheated at the bottom of the still next to 
the fire. This method is called steam distillation; the products are: naph¬ 
tha, burning oils (less than when distilled destructively), gas and fuel oils, 
spindle oils, paraffin wax and cylinder oils. Some refiners use vacuum dis¬ 
tillation, in conjunction with steam distillation, where, by the aid of a 
pump, a partial vacuum is created in the still, and the hydrocarbons pass 
over at temperatures much below their normal boiling points. The vacuum 
stills are of the same general type as the ordinary horizontal 'crude stills/ 
but are smaller and heavier.” 

Pipe stills, which will be described later, may also be operated under 
vacuum. 

Figs. 319 and 320 show batteries of shell stiUs. 
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Tube Stills, hilo many sholi stills aro in oporation at the prosoni 
time, they are an obsolete form of cejuipment. rvl<Klerii practice uses the 
pipe still consisting essentially of a coil 
of pipe placed in a furnace through 
which oil is passed. These stills have 
greater capacity in proportion to their 
cost, lower fuel consumption, and when 
used in connection with proper frac¬ 
tionating equipment produce far better 
separation of products than shell stilLs. 

P'igure 320 is a view of a portion of 
a refinery showing a two-stage pipe 
still in which one of the two fractionat¬ 
ing towers operates under vacuum. In ^ 3-’0.—Batteries of Shell Stills. 

the foreground are older shell stills. In Fig. 321 a pipe still and tower operat¬ 
ing under atmospheric pressure are pictured. Figure 322 is the flow chart of 
such an installation. Ihe crude oil entering the plant passes through a 
number of heat exchangers, w’hcrc its temperature is considerably raised 




Fig. 321. 


hosier Whctlrr Ci^rporaiion 
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!)>• hoaf from tlio products Icavinp the still. The oil then pas.ses through 
the pipe coil in the furnace, is heated to a temperature approaching 800'’ F, 
1120° ('.■) and discliarged into llie lower portion of the tower. Here the 



Fio. 322. 


larger part of it is vaporized, the heavy bottoms being drawn off at the 
bottom of the tower. The vapors are scrubbed as they pass up the tower, 
and by controlled fractionation, regulated by the addition of superheated 
steam at various heights in the tower, are separated into a succession of 
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fractions. Those arc taken off as a current of gasoline vapors at the top 
of tlio tower and a series of heavier oils, taken off as liquids at various lower 
levels. These may bo, in order of decreasing volatility, naphtha, kerosene, 
gas oil, wax liistillute, and cylinder stock. 

The so-called “ bubble ” tower, in which the ascending vapors arc passed 
through a succession of pools of oil at different levels, and different tem¬ 
peratures, is highly efficient and is widely used. 

Produc's of DiatHhiion. The yields of the various petroleum fractions 
vary widely as a function of the type of crude oil being distilled and the 
market for the various products. The following arc average yields in 
pip(' stills:' 


Ciiido 

Mid-Cont. 

A.P.I. 

Mixed Kansas, 
YicUl 

1 

Texas 

Crane 

Upton, 

Yiolil 

Calif. 

Tvpiojil 

Yield 

Penn. 

Typical 

Yield 

Gjisolinc. 

1 • 

1 

32% 

22% 

22% 

28% 

Naphtha. i 

7 

g 

9 

10 

Koroe^^nc . 

10 

12 

12 

$ 

Gas Oil. 

11 

42 

42 

7 

Lisht Wax Distillate. 

21 



28 

Heavy Wax Distillate. 

3 




Cylin<ler Stock. 

8 




Uottoms. 

8 

15 

15 

19 





1 (Cyl. Stock) 


Oils from which lubricants are to be prepared are sometimes distilled 
under vacuum to prevent their decomposition. Stills may be heated by 
mercury vapors or by diphenyl. 

From the overhead fractions and the bottoms obtained by the dis¬ 
tillation of crude oil, a great variety of products are obtained. Before 
they are ready for use these may require further processing, by chemical 
treatment, filtration, rcdistillation, chilling, etc. Until the development of 
the automobile, kerosene was the main petroleum product. Gasoline was 
almost unmarketable, and stringent laws were necessary to keep it out of 
the illuminating oil. At the present time the great demand is for gasoline, 
with lubricants close to it in importance though not, to be sure, in volume 
consumed. The large number of other materials produced is shown by 
the chart in Fig. 324. 

Paraffin is obtained from wax distillate in crude form by filter pressing 
and chilling. This “slack ” wax contains a large proportion of liquid oil, 
of which it is freed by “sweating.” In this process sheets of the wax are 
exposed to slowly increasing temperature under conditions which allow 
the oil to drain off. 

Asphalts are manufactured by air blowing flux oils from the distillation 
of asphaltic crude oils. 

* Foster Wheeler Co. Private communication. 
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Uses of Petroleum Products. Of the uses of these produehs tlic AmvrU-.m 
x^etroleum Institute ^ states: 

■■ A.no.i^r those are fuel gas, which is utilized for burning under boilers 

at the rehneries. and another derivative, gas black, which is used in tl>o 

making of rubber tires, inks and paints. A series of alcohols, including 

iMjpropyl, secondary butyl, secondary amyl and secondary he.vyl are also 

recovered from these ga.ses, which arc utilized as solvents for the making 

of lacquers, soaps and essential oUs. Litiuefied gases, also yielded from tlic 

hydrocarbon gases, are utilized in metal cutting and for illumination. 

Another product, petroleum ether, is u.sed for pruning motors and for lab- 

orator 3 ' work. Natural ga.soline, also thus derived, yields light naphthas 

w’tuch, in turn, jnold gas-machine gasoline; pentane, used for candle-power 

staiKlanlization; hexane, utilized in laboratories; and chemical solvents 
lor drug extraction. 

“So-called white dLstillatcs, ne.xt ilerived from the refining of crude 
petroleum, include the naphthas and kerosene. From the naphthas arc 
derived aviation gasoline, motor gasoline, commercial solvents, blcmling 
naphtha, vaniishmakers* and painters’ naphtha and dyers’ and cleaners’ 
benzine. I he refined oils, including kcro.sene, are used for illuminating 
oil, stove oil, tractor oil, signal oil by railroads and lighthouses, and mineral 
seal oi! for coacli and slap illiiniination and g:is absorption. 

“ 1 he next important product is furnace oil, used as a fuel in oil-burning 
furnaces in ofTiw* buildings and homes. 

“InU-rmediate distillates, next derived, yield gas oU and absorber oil. 

Gas oil IS use<l by gas manufacturing plants in the carburetion of water 

gas; Ls an important metallurgical fuel; yields gasoline by the ‘cracking ’ 

proces-s and also Diesel fuel oil. Absorber oU enters into gasoline and benzol 
recovery. 


“From the heax^y distillates next derived come technical heavj' oils 
waxes and lubricating oil. Technical heavy oils, upon treating, arc made 
into a variety of products. From one of these—white oils—is derived so- 
called technical oil, used for lubricating special machiner>', such as bakers’ 
and candymakers’ machinery, and for packing fruit and eggs; also medici¬ 
nal oil for internal and external use and for the manufacture of salves, 
creams and ointments. Ink oils are derived from technical heavy oil; also 
saturating oil, which enters into wool and twine manufacture; emulsifying 
oil; electrical oils, used for tran.sformers and switches; and flotation oils, 
used in metal recovery proccs.scs. 

“From heavy distUlates arc derived waxes which arc used for making 
candles, chc\ving gum and candy. Wax also enters tlie laundry as a deter¬ 
gent and as an iron wax; ha.s a wide use for sealing purposes, such as for 
the preserving of fruits and vegetables, and is used by etchers. Saturating 
wax is applied to cardboard, matches, and paper. 


* “Petroleum Facia and Figurea,” 
1029. 


pp. 158-100, American Petroleum Institute, 
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“Lubricating oils derived from petroleum are used wherever there is 
machinery’’, special oils or compounds being made for different types. 

“From the residues of distillation arc derived greases, such as gear 
grease, switch grease, and cup grease. By a refining process petrolatum is 
derived from greases. This enters the medicinal field, compounded with 
other products, in the form of salves, creams and ointments and as petro¬ 
leum jelly. It is also usetl for metal coating and lubrication. Residual 
fuel oil is used for burning under boilers in industrial plants, on ships and 
in railroati locomotives. Fuel oil is also used for making gasoline by 
‘cracking ’ processes. Road oil is a residual product of petroleum, as arc 
asphalts and pitches used for roofing, paving, felt saturating, bricquetting, 
nibber making and plastic composition. Another product is coke used 
for making carbon brushes, carbon electrodes, and also consumed as fuel. 

“From refinery sludges are made acid coke used as a fuel; sulphonic 
acid, utilized as a saponification and de-emulsifying agent; oils and pitches; 
and sulphuric acid, used in fertilizer manufacture.” 

Cracking. The cracking process converts heavy oils into light oils 
suitable for motor fuel, giis, coke, and when desired, residual fuel oil. 

The Development and Magnitude of the Craeking Process. The com¬ 
mercial cracking of heavy oils into gasoline is of comparatively recent 
development. Nevertheless it is the life and sinew of both the oil and 
automobile industries. There are few refiners of crude oil who can oper¬ 
ate economically without the cracking process as part of their regular 
equipment. The automobile industry could scarcely have developed to 
its present size were it not for the supply of gasoline made available by 
cracking, as otherwise the price of motor fuel would be distinctly higher 
than it is now. 

Vast amounts of money have been expended in experimentation on 
cracking in working out the commercial conversion of fuel oils into gaso¬ 
line. It is estimated that over §40,000,000 has been spent in endeavors 
to develop commercial cracking processes. 

The improvement which has been made in cracking units in their evolu¬ 
tion during the last two decades or so has been startling. The early shell 
cracking stills, some of which are still in use, had a daily capacity of approxi¬ 
mately 125 barrels each. They were limited to the use of a selected gas 
oil charging stock, and their yield of gasoline was about 30 per cent. 
The modern cracking process employs units having a daily capacity of 
750 to over 3000 barrels per day, converting any type of oil—kerosene dis¬ 
tillate, gas oil, fuel oil, topped crude, or crude oil—into gasoline with yields 
of 60 to over 75 per cent. Despite the somewhat greater complexity of 
the modem pressure still, its high efficiency makes the first cost, per barrel 
of gasoline produced per day, but one-fourth of that of the early cracking 
units. Had it not been for the great advance in the technology of 
cracking, the investment necessary to produce the present volume of 
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cracked gasoline would be over SI .000.000,000 instead of the S275 000 000 

which Ls tl.o approximate- value of the world's present erackiUK e.p’.ipment 

and Its auxiliaries, such as storage tanks, agitators, rerun stills boiler 
houses, land, etc. 

The use of the cracking process Ls world wide. Commercial plants 
are now in operation or under construction in .‘;uch widely separatc-d 
countries as Japan, Borneo, Java, the Dutch We.st Indies, Australia 
Roumania, India, Groat Britain, Belgium, Italy, Argentina, Trinidad,' 
and Canada, as well as in all the refining areas of the Ignited St-atc*s. 

In 1928 the I nitcd States refineries produced 122.000,000 barrels, or 
5,100,000,000 gallons of cracked gasoline, which was 32 per cent of the total 
motor fuel, as shown in the table following: 


PROOrCTION OF GASOMXE RY METRODS IX EXITED STATES* 

(Tlit»usin<ls «if Rarrols) 




Per Cont 
of Total 

Tola! ffiusolim* nroiiuc'lion. 

377,183 

1 •>•> 1 


SlruiKht-ruri I’usolino... . 

Cracketl Kiusoliric. 

58 

32 

10 

Natural Kiusolino. 

35.31*3 


• V, S. Jiurt'au of 


Con^^rrvalion of Cniric Oil Dur to Cracking. The cracking process is the 
most effective force in oil conser\'atioii. Due to tlie fact that one-third of 
our gasoline is made by cracking,instead of by the simple distillation of 
crude oil, It LS necessary' to produce far less petroleum than wouhl be 
required were the cracking procc.ss not in use. During the year 1028 con¬ 
servation of 500,000,000 barrels of crude oil was brought about by tlio 
cracking process, which produced 5,000,000,000 gallons of gasoline from 
oils contaming no gasoline as such. If it had not been for the agency of 
the cracking process the oil fields of the world would have been called upon 
for 1,800.000,000 barrels of oil during the year 1927 instead of the 1 300- 
000,000 actually produced, which was sufficient (in fact more than suf- 
ficicnt) to supply the requirements of the world’s 30,000,000 automotive 
vehicles. During the last fifteen years the saving in crude oil due to 

the cracking process is conservatively estimated at over 2 000 000 000 
barrels. ’ ’ ' 


The Flexibility of the Cracking Process. The primaiy use of the crack¬ 
ing process at the present time is the conversion of petroleum into gasoline 
and other products. No one method of operation will fit all the economic 
demands made upon the refining iudustry. Of necessity, therefore the 
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procops must be so flexible that oil of any type can be cracked into the 
prodviots in greatest demand. This condition is fulfilled by the Dubbs 
cracking process, whose adaptability is such that it may be operated for 
maximum yields of gasoline, furnace, or Diesel oil, residual oil having 
higher B.t.u. content per barrel than the original charging stock, coke, or 
gas. Or vLscous oils may be used as charging stock and cracked but lightly 
in order to lower their viscosity and cold test so that they will flow readily 
through pipe lines. The manner in which the process is used will depend 
upon market conditions and the oil available for cracking. The change 
from operating for a given prochict to producing another product in maxi¬ 
mum yield, is made without modification of the cracking unit in principle 

or equipment. 

The Residual Oil Type of Cracking Operation. Residual oil type opera¬ 
tion permitj> the production of high yields of gasoline, furnace or Diesel 
oil and a minimum amount of coke and gas, while the residual fuel oil has 
a higher thermal value per barrel than the original charging stock. 

Tlic operation of the Dubbs process will best be understood by a descrip¬ 
tion following the flow chart of a typical installation (Fig. 325). A photo¬ 
graph of a commercial cracking plant is shown in Fig. 326. 

The oil to be cracked is pumped to the plant at a uniform rate by Pump 
A., the suction side of which is connected to the oil storage tank. The raw 
charging stock may be pumped into the flash condenser C, to the dephleg- 
mator //, or directly to the heating tubes I. All the charging stock may 
be pumped to any one of these elements of the cracking system, or it may 
be split as the operating conditions warrant. The charging stock pumped 
into the flash condenser C comes into intimate contact with the vapors 
from the flash chamber Q, so that the temperature of the charging oil is 
raised by condensing a portion of the vapors. The charging stock and con¬ 
densed vapors are drawn from the bottom of the flash condenser C by the 
hot oil pump D and discharged into the dephlegmator H by means of the 
pipe connection G. The preheated charging stock comes into contact 
with the hot vapors in the dephlegmator and thereby is raised to a sub¬ 
stantially higher temperature. As an alternative, part or all of the charg¬ 
ing stock and condensed vapors from the flash condenser may go directly 
through the feed line E to the heating tubes I. The valves 00 control the 
proportion of the split feed which passes to the heating coil I or to the 
dephlegmator //. The feed oil enters the heating coil at a temperature of 
approximately 385° C. (725° F.) and passes through the heating tubes, 
which are connected by return bend fittings to form a continuous coil. The 
oil is heated by the gases generated in the combustion chamber L, attaining 
a cracking temperature of 460° C. (860° F.), more or less. The products 
of combustion pass through port holes in the upper part of a wall which 
divides the furnace into two chambers, and come in contact with the heat¬ 
ing coil in chamber M. The combustion gases flow coxmter to the direction 
of the oil in the heating tubes, and the spent gases pass through a flue to the 
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stack. The heated oil leaves the last tube of the coil and di.-eliarnes from 

the transfer line J into the reaction chaniher K. The reactnai cljamher e 

not fired or heated externally and Ls thoroujrhly insulated against licat 
loss(*s. 

Tlie resi<hial oil is withdrawn from the lo^\<M• portion of tlio n-aeti<.n 
chamber K through tlie draw-off pipe connections .V l.y means of control 






PKi, 320. 


valves P. The residual oil then p:is.ses through lino O into the flash chain- 
lx;r Q, which is inuintained under a pre.ssure lower than that of the reaction 
chamber K. Here the lighter portions of tin; residual oil are flashed off 
ae vapors, leaving a heavy residuum to Ik; drawn off from the bottom of the 
flash chaml>er. The vapors pass from the chamber Q to the flash condenser 
C, where they are brouglit into contact with fresh charging stock to which 
they give up a portion of their heat, and where they in part undergo con¬ 
densation. The uncondensed vapors pass through the lino II in tlie cooling 
coil S and are collected in the receiver T. The hot residual oil from chamber 
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Q may pass through the cooling coil W to a storage tank, or it may 
ho burned in the combustion chamber L while still in a lieatetl 
condition. 

The cracked vapors leave tlie top of the reaction chamber K through 
the vapor line A', which is connected to the dephlegmator //, wliere they 
mingle with the ingoing preheated cracking stock. 

The temperattire of the vapors leaving the dephlegmator II is main¬ 
tained at any point desired by cooling with pres.sure distillate oil. This 
cooling is accomplished by means of a pump 1’ which ihseharges a portion 
of the pres.sure <lLstillate drawn from the receiver //// into the recirculating 
line Z, the oil then entering the dephlegmator through the spray pipe^L-1. 

The reflux eondensiite oil from the dephlegmator II, [ni.xed witli fresh 
charging stock, pa.'sses through the reflux leg BII, aiul by means of the hot 
oil pump DD Ls discharged through pipe connection EE into the coil of 
heating tube.s in tlie furnace, wherein it is subjected to cracking con¬ 
ditions. 


Tlie dephlegmator II Ls of the p)erforated pan type, which gives efTicient 
contact of oil and vapor. The use of charging stock and presstire distillate 
oil as cooling means .secures a refluxing action in the dephlegmator so that 
the light hydrocarbon vapors leaving the top of the dephlegmator through 
line FE may b(‘ <jf any tjuality desired. This light hytlrocarbon vapor is 
comiensed to a lujuid as pressure distillate or crude ga.soline in the cooling 
coil (Id, from which it pa.sses into rec< iver IIII, maintained under the operat¬ 
ing pressure of the sy.stern. The pres.sure distillate discliarges through the 
meter .S.S. inU» a gas separating chamber yj, from which it flows to a stor¬ 
age tank through the traj) LL. The operating pressure on the .system is 
controlled by the gas valve KH through which gas, in e.xcess of that neces- 


s;»ry to maintain the pressure de.sired, leaves the receiver ////, mixing with 

the gas evolved from the pressun* dbitillate <lue to the re<luetion of pressure 

in the separating tarjk JJ. The gas mixture flows through the line KK and 

connected pipes to the* ga.soline ab.sorption .system or to the burners in 

funiace F) or it may bo pa.ssed to .storage to be converted into chemicals 

or 8hip|)ed to gas companies to be blench'd witli gas of low H.t.u. value, 

such as water gjis. If desire<I, the gas from tl»e receiver //// may be 

taken off separately from the g:us evolved from tlie prc.ssurc distillate in 
receiver JJ. 


The residual oil method of operation of the cracking process may be 
carried out continuously for a perioil of thirty days or more, producing 
high yields of gasoline, a fuel oil residue passing all market specifications, 
and an insignificant amount of coke, the coke j)roduee<l per harrt'l of charg¬ 
ing stock ranging from a trace to a few' pounds. 

following data cover the commercial results obtained from the 
cracking of gas oil, wax tailings, topped crude, and fuel oils, from Kansas, 
t e Mid-Continent field, Kentucky and California in the United States 
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and from Roumania. The amounts of charging stock given in the table 
were cracked in each case in a single continuous operation without shut¬ 
down of the apparatus. 


RESULTS OF RRSIDUAL OIL CR.\CKING OF TYPICAL OILS 



Cali¬ 
fornia 
Gas Oil 

Cali¬ 
fornia 
Fue l Oil 

Kansas 

Oil 

Kans.'is 
Fuel Oil 

Ken¬ 

tucky 

Toj>ped 

Crude 

• 

Mid- 
Conti- 
Fuel Oil 

Itounmnian 
50-.>0 Mixture 
Fuel Oil and 
Wax Tailings 

Rou¬ 

manian 

Wax 

Tailings 

ChArcting Stock: 

Specific gravity. 

0.809 

0.959 

0.892 

0 901 

0 901 

0.910 

0.910 

0.883 

Gravity drgrccji .A.IM.. 

2.> 

1 

]fi. 1 

32 fi 

25 fi 

25.0 

210 

21.0 

28.7 

Operating presi^ure, lha.. 

275 

125 

22.*> 

200 

190 

200 

190 

100 

Total barrels cracked. ,. 

19,3.50 

14.S09 

19,749 

15.141 

9,874 

10,909 

21,220 

37,040 

Number oi days operating 

19.5 

lfi.4 

35 

22.5 

0.2 

.... 

13.8 

30.0 


Prod 

rCTS D 

k 

ARRIVED 

FROM CllACKI 

NO 




Prewuro <iil: 

Yiold, p<*r corit. 

Specific ffravily. 

Gravity degrers .V.P.I., 
Uoaiduum oil: 

Yiold, pf*r oent. 

Spocific gravity. 

Gravity dourrrs A.P.I., 
Coke, poiiiida per barro) of 
oil charAod. 


55.3 

43.9 

07.0 

59.2 

05.9 ! 

55.3 

48. 1 

0.70.5 

0.785 

0.750 

0.753 

0,749 

0.755 

0.707 

53.8 

48.8 

55.0 

50.5 

57.5 

50.0 

53.0 

42.0 

55.8 

28.5 

31.1 

28.3 

34.0 

45.3 

.9M 

1.01 

1.01 

.990 

1.048 

.980 

.975 

12.4 

8.8 

8.0 

II.4 

3.5 

12.0 

13.0 

0.09 

0.04 

0.05 

4.0 

0.0 

2.0 

3,1 


r>7.z 

0.707 

/S.'i.O 

33.3 

.1179 

13.0 

1.0 


Gasoline 


Yields in por cent based 
on charging stock 
poasiriR through the 
cracking process but 
once. 


49.8 j aa.O I 5.>.6 1 53.fi | 55.0 [ 


Furnace or Diesel Oil 


10.0 

10.0 

5.0 

9.0 


51.0 


( 


2.5 


33.8 

200“) (End 

r Point) 

V.3n2®/ 

11.5 


40.1 


15.0 


Simultaneous Crackittg and Coking of Heavy Oils. In another form of 
operation, the cracking process produces only pressure distillate oil (or 
cmde gasoline), coke and gas. This mode of operation treats kerosene 
distillate, gas oil, topped crude, crude itself or any other oil available and 
eliminates the use of coking stills which are necessary to prepare charging 
stock for cracking units limited to special distiUate oU. Since the coking of 
heavy oils in shell stills is a costly operation, the simultaneous coking and 
cracking of heavy oU is important as a means of effecting great savings. 
Performing the cracking and coking in a single step requires no installation 
beyond that used in residua! oU operation, the only changes made being 
slight variations in the operating conditions. 

In the table foUowing are presented data from the simultaneous crack¬ 
ing and coking of different oils in commercial practice: 
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RESULTS OF CR.\CKTNG AND COKING IN ONE OPERATION 



Pennj^vl- 

vaniu 

Kcrosono 

Distillate 

1 

Gklahoma 
Gas Oil 

Amarillo, 

Texas 

To|ij>o<l 

Crude 

Oklahoma 
Fuel Oil 

1 

Mid- 

Continent 
Fuel Oil 

Clmr^inj' stock: 

SiMJcific gravity. 

Gravity* (Icjjreo.s A. P. I. 

Total Ijarrels orarktvl. 

OiKrnitinK Pre.^sure, [xiutujs. . . . 

S309 
3S S 
(■..24r> 
220 

S514 
.34 7 
3,407 
lUO 

.S.S40 
2R 4 
5,507 
190 

SOI 1 

27 3 
5,470 
200 

0117 
23 7 
14,1SS 
200 


PliOUrCTS DcitIVKI) FROM CllACKlNO 


Procure distillate oil yields per 
cent of rhar^ini; stock. 

SO 5 

91 8 

84 4 

79 r> 

7(i 0 

Specific gravity. 

7447 

7703 

7r.24 

7CG9 

7711 

Gmvity, de^rcc.s A. P, I. 

58 5 

52 2 

54 1 

53 0 

52 0 

Coke, iMiun«I.s per barrel of oil 
charf?e«l. 

24 8 

32 0 

50 0 

59.1 

01 3 


Gasoline 


VieldH* in per cent, Imscd on the 






char^inK ^tock piussin^ Imt once 
thruu^h the crackiiu^ i>rocciW. . 

72 0 

04.2 

02,2 

02.9 

02.3 

F'limace or Diesel oil (yields, in 






per cent).. 

0 8 

24 5 

18 8 

11 1 

1 

13 0 


ArUi^knock Properties of Cracked Gasoline. One of the most imporUxnt 
problems of the oil industry today is the production of anti-knock motor 
fuels. Gasx^lines produced from crude oils of the major fields of the United 
States by simple dLstillation develop the familiar knocking sound when used 
in high-coinprcssion automotive engines or in ordinary engines when accel¬ 
erating rapidly or laboring on hills with wide-open tlirottle. 

The knocking propensity of gasoline is primarily a function of its 
chemical composition. The work of Ricardo, Midgley, Boyd and others 
has shown that in their anti-knock properties the hydrocarbons of the 
various scries stand in the following order: 

1. The paraffin hydrocarbons are the worst knockers. 

2. The unsaturated hydrocarbons knock materially less than the 

paraffins. 

3. The naphthene hydrocarbons are distinctly better as anti-knock 

material than cither the unsaturated or the paraffin hydrocarbons. 

4. The aromatic hydrocarbons arc non-detonating under any prac¬ 

ticable motor-compression ratio. 
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For many years it was held that straight-run gasolines from paraffin 
base or scmi-asphaltic base oils were the superior motor fuels. Of late, 
however, cracked gasolines have been in demand, and at present they are 
often sold at premium prices. In anti-knock properties they arc better 
than the straight-nm product. This is due to their higher content of olefine, 
naphthene and aromatic hydrocarbons. The superiority of cracked over 
straight-run gasoline from the same crude oil is brought out by the analyses 
in the table following: 


COMPARISON OF HYDROCARBONS IN STRAIGHT-RUN AND CRACKED 

MOTOR FUEI^* 



Cushina, Gkla. 

Sonicract, Ky. 

1 

St rnight-run 

Cracked 

Straight-run 

Cracked 

Hydrocarbons in per rcnl: 





rrinAtu rated. 

1.0 

10.0 

3.8 

12.5 

Aromatic. 

4.0 

10.8 

5.3 

14.0 

Naphthene . 

23.7 



11.8 

Paraffm . 

Higbeat uacfnl: 

00.8 

51.3 

70,3 

60.8 

Coiiiprci*aion ratio. 

5.1 

5.0 

5.2 

5,5 


Chkmical Analysis ok Cracked Motor Fuels 



Tonkawo, 
Braman and 
North Kanana 
Topped Crude Oil 

Kentucky 
Fuel Oil 

Sfnaekover 
Heavy 
Crude Oil 

North 
Texaa 
Fuel Oil 

Lottt Soldier 

Wyoming 

Crude Oil 
• 

Spindletop 
Texoa 
Crude on 

Ilydrocarbona in per 
cent: 







l^naaturated. 

16.1 

14.4 


10.0 

11.7 

14.7 

Aroiiiatic. 

17.8 

22.5 


18.0 

15.0 

17.3 

Nanhthcne. 

12 8 

10.0 

53.1 

21.2 

30.0 

11 7 

14.5 

32 8 

ParaHin. 

S53.3 

53.7 

57.0 

35.4 

Higheat useful com¬ 







pression ratio. 

5,6 

5.7 

5.0 

5.0 

5.5 



* Egloff, Oil Qod Gas Journal, April 20, 1020. 


Furnace or Diesel Oil. Pressure distillate usually contains, besides 
gasoline, a considerable amount of higher boiling oil, often called P. D. 
bottoms. It is an oil of narrow boiling range, which possesses special 
advantages for use in house heating. It also is an excellent oil for use in 
Diesel engines or it may be cracked to give additional yields of gasoline. 
It has a low cold test and viscosity, making it a satisfactory fluid com¬ 
bustible regardless of cold weather. A typical sample of this furnace or 
Diesel oil produced by cracking Mid-Continent stock had a cold test of 
— 38® C. ( —36® F.) and a viscosity (Universal Saybolt) of thirty-six 
seconds at 38® C. (100® F.). 
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The tal)le .«ho\vs tlie 


properties of representative examples of this oil. 


PROPERTIES OF FI RNACE OR DIESEL OIL FROM CR \CKINO OF 

TYPICAL OILS 


Char;;ine Stork 


Sprcific Gravity. 
Grov»ly<Jc \ |* | 


jori 

AaalyniH: 

Initial H. I* 


I*<T r*ofil 
ov rr: 

10 

20 

•10 

.V> 

70 

KO 

IK) 

iluil ri V. 


l*tri n*<yl- 

vnriiu 

111 .A* 111.. t.. 

C': 

f. r 

l'\i«‘ 

nli- 

niu 

1 ih\ 

Aniarillo 

Toppt'd 

Oj! 

h»|i 

Tvxh* 

i'rkuii' Oil 

(tjuky 
T(»pt>» d 
C'rudu 

oa 

Mid- 

C'onti- 

I'oppi'il 

Crud*' (>il 

Viriu- 

£ij« la 

Fuul (>il 

lOiiiur*! 

Mr'Xirii 

C'rudr (111 

j f 1 11111 


. M U < 

W'l 1 

s ♦ 3 h 

'KIH2 

0|(»i 

HH ps 

s 

7is 

\S22 

ar. j 

•> 

3 7 

3 

J H 


1 3 

•1 

3 0 

•» 

S li 1 

30 s 

•> 

SO 

^ c 

1 

^ f 

" (' 

^ r 

o c 


^ C 

o f 


’ r 

C 

- p 


^ 1- 

" (' 

^ r. 

224 

i:ir> 

22*( 

413 

Tis 

♦(>1 


♦ 13 


441 

221 

433 

230 

♦ Ic 

i 

227 

440 

24^ 


1 

2 12 

|(.7 

1 

1 

2U> 

♦ 7 3 

23(i 

437 

1 

24(’» 

47.* 

23H 

4(Wi 

23S 

402 

243 

4TU 

24^ 

%7s 

2U\ 

473 

23 J 

4H3 

242 

4(>H 

231 

4K1 

23*» 

10.1 

24 1 

47lf 

210 

4KO 


ihU 

23) 

4V( 

231 

4K0 

2 Ml 

473 

23(> 

402 

213 

470 

240 

4SO 

2.33 

AHH 

2«)0 

.VK> 

237 

♦03 

237 

403 

2.V) 

4^2 

230 

♦Oh 

232 

ah:. 

231 

4M 

237 

400 

2ri7 

312 

2«i3 

.3(13 

2(44 

303 

231 

400 

2(kl 

.303 

2r>o 

3(NI 

231 

4011 

203 

503 

277 

33(1 

2r,v 

* 4 • 

• >1 -t 

2(;>' 

314 

237 

4^*3 

2(i'» 

317 

271 

32(1 

237 

103 

20h 

r> 1J 

2hr* 

333 

27?i 

333 

277 

33(1 


310 

2^2 

530 

277 

3.30 

207 

312 

277 

5.30 

a<jM 

3sn 

2^M 

.V»2 

2S0 

332 

277 

5:io 

300 

372 

200 

370 

27s 

3.33 

203 

500 

•^3 4 

♦ » » 4—1 


aiti 


313 

303 

2t)3 

301 

333 

033 

313 

303 

301 

374 

3tR) 



4 acj 

273 

703 

3»i) 

nsj 

3 01 

044 

40U 

732 

343 

033 

33 s 

OKI 


• 


Th-. Kfsnlual Oil Produarl b,j Cracking. The residmnn from the 
erackine process may ranRo from a fuel oil of low viscosity to solid coke. 
From residual oils satisfactory lubricants can be made. Hea\'y pitohy 
oils may l>e oxidized to make asphalts. The crackiiiR operation may be 
so conducted that the residuum is a fuel oil meeting all market specifica¬ 
tions. Such cracked residuum is, in fact, a premium fuel, as it hjis a consid¬ 
erably higher B.t.u. content per barrel than the charging stocks. 

At times the residual oil from cracking becomes the main product 
This Is the case when cracking is resorted to in order to change the proper¬ 
ties of high cold test oils. 

I'lic viscosity and cold test of heavy crudes and fuel oUs arc of great 
importance. Much difficulty Ls experienced in the transport of heavy oils 
which are produced in quantity in the United States in California and 
Texas, and in Russia, Mexico, and other countries, on account of their high 
viscosity and high congealing temperature. Fuel oils from the dlstUlation 
of some lighter stocks are also difficult to transport for the same reason 
Often heavy oils, before introduction into pipe lines or tank care, must be 
heated or cut back with distUlate oU to increase their fluidity 

It has been found that when such heavy oUs, either as crude or residuum 
therefrom, are subjected to heat and pressure and thus in part cracked to 
gasoline, the residual oU produced has a lower congealing temperature 
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aiul lowar viscosity than tlie original oil and hence requires no heating 
either for transportation or use as fuel. In this type of operation the 
production of gasoline is incidental, the primary purpose of the cracking 
being the production of a fuel oil of desired properties. 

COMPARISON OF CHARGING STOCKS AND RESIDUAL OII^ FROM 

CRACKING* 



(Jrnvity. 

1 

.V iM 

Spre. 

Test 

Cold 

Viscosity 
•^ayboll I’ni- 

R.t.u. 

B.t.u. 


Grav. 

F. 

HcKe. 

C. 

s*eraal sec. at 
38^ C.(IO0® F,> 

per Lb. 

per Gal. 

LouiHifiiia toppril <TU(lo. 




fi3 

144.2 

10.570 

144.000 

Original diI. 

2s. r. 

0 .SK27 

17 

- IS 

no 

10.200 

148.140 

Cmrki'tl . 

22.0 

0.0211 

-28 





I.i>ui5iana fuel nil. 




43 

237 

in nfifi 

145 530 

Oriffinnl furl. 

mam 

o.^;oi7 

fi 

- 13 

141.5 

18,750 

143..530 

Croolcrd r<'9i<luurn. 

1 

1 

0.91H 






LouiAinim furl nil. 

■■■■■■■ 


■■ 

3f> 

10 257 

18 314 

148 380 

Oriffiiml oil. 

14.0 

0.072 

o 

-20 

122.0 

A 0^0 J w 

18,144 

157,850 

Cracketi rc^idunin. 

4.0 

1,02H 

-20 





Toxoji fu<*l oil. 




C3 

347 5 

10 143 

145 870 

Oriitirial oil. 

23.2 

QyMj 

17 

- 4 

144 

10.181 

148,080 

Crnckrd ro^icluuru. 

21.2 


— 20 





Mid-Oontiiiont furl oil. 




ISl 

10 857 

147 070 

Orif(inat oil. 

27.0 

0.8027 

13 


205 

10,251 

1 10.100 

Cracked reiaiduusii. 

20.fi 

0.0303 

- 10 






* MorrtOI and "Refiner and Natural Gasoline Manufacturer,** April, 1023. 


Coke Formation in the Cracking Process. The greatest stumbling block 
in the development of the art of cracking oil has been the problem of coke 
formation. Millions of dollars have been expended to overcome the deposi¬ 
tion of coke on the heating portions of the cracking stills. A number of 
cracking installations in operation crack only low coke-forming oils, and 
are strictly limited to selected charging stocks. The most modem cracking 
process treats all types of oils, whether they produce, as some oils do, 
less than one-tenth of 1 per cent of coke, or produce coke equal to 25 
per cent of the weight of the oil. The yields of gasoline vary from 
15 to over 75 per cent, with practically no coke deposition on the 
heating elements. The lower gasoline yield mentioned is obtained when 
operating primarily to reduce the viscosity of heavy oils. The facility 
with which high coke-forming oils are cracked is seen from the fact that in 
operations where 320,000 pounds of coke were deposited in the reaction 
chambers only about 30 pounds were deposited in the heating tubes. 

Cracking process coke, a smokeless fuel, is being produced at the rate 
of approximately 1,000,000 tons a year. It is of high thermal value and in 
properties varies with the charging stock. Usually it has a honeycomb 
structure, being penetrated both by fine capillaries and larger interstices. 
The sulphur content varies quite widely, as a function of the sulphur con¬ 
tent of the oil subjected to cracking. Coke derived from certain low sul- 
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phur oils has been commercially used for electrodes for electro-chemical 
processes. J he hulk of the production, however, is used for fuel, either 

in lump form, briquets or powdered. In pulverized form it would be an 
excellent marine fuel. 


PROPERTIES OF COKE FROM CR.\CKING 


ChtiruiUii Stock 

\ ohitile 

Fixed 

Tofrd 


R t u 

.Matt IT 

Cnrl>on 

A.>h 

Sulphur 

per Lb. 

Smnekover Ark:ins;us furl (»il: 

No. 1 run. 

12.2S 

S7.15 

0 4('> 

4 IS 

I5,SS8 

No. 2 run. 

17 02 

70 20 

0 45 

3 70 

15,45-1 

Mid*0*n(incnf fuel f>il 

12 50 

84 ;k) 

0 <K) 

1 13 

15,870 

Perinsvb'aniri (ras oil... 

0 (>0 

SO 14 

0 20 

0 45 

15.899 

Amarillo Toxaj^ iop{)<*<] , . 

U 00 

SI 12 

I .57 

0 45 

15,.573 

Oklahoma fuel oil 

9 0t> 

8S (K) 

0 75 

1 5 

15,800 

Kentucky fuel oil: 

No. 1 lf.vt. 

10 07 

88 02 

0 55 

0 45 

10,241 

No. 2 te.Ht. 

0 00 

85 72 

0 50 

0 52 

15.<>01 

No. 3 test. 

II 0.5 

87 42 

t) 54 

0 fiO 

10,403 

No. 4 . 

12 43 

KO ,50 

0 50 

0 40 

15,438 

N«». 5 test. 

3 7o 

04 00 

0 84 

0 .30 

15.025 


'J'he principles of the Dubbs cracking process arc reflected in the other 
Bo-called liquid-vapor pluise cracking installations, among which are the 
Cross, IIolrnes-Manley, and Tube and Tank. 

Vapor PhoRc Cracking. The growing demand for anti-knock gasoline 
ha.s brought into some prominence vapor-phase cracking, which produces 
motor fuel of high anti-knock rating. Two vapor-phase cracking systems 
arc the Gyro ‘ and the De Florez.^ 

Gas from the Cracking Process. Gas from the cracking process, once 
considered by the refiner largely as a loss, Ls now beginning to fill a unique 
place among petroleum products. Over 250,000,000,000 cubic feet of 
cracked gas was produced during 1928. This gjis Ls distinctive in its proper¬ 
ties, and Ls finding a market in enriching gases for domestic use and as a 
raw material for chemical synthesis of such substances as alcohols or glycols. 

The amounts of these substances which could be prepared from the 
pre.scnt output of cracked gas arc very large. Whenever the economic urge 
is present ethyl or “ grain ” alcohol can be produced from thLs source at 
the rate of over 300,000,000 gaUons per year. This Ls at least three times 
the amount of grain alcohol now consumed in the United States. 

Composition of Cracking Still Gases. Gas from cracking stills is char¬ 
acterized by a relatively high content of oleflnes. These give it high cal- 

* Wagner, Natl. Petroleum News, April 24, 1929, p. 40A. 

•Tniesdcl, Natl. Petroleum News, May 1, 1929, p. 69. 
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orific and illuminating value, and make it a suitable material for the 
preparation of chemical derivatives. There is wiclc variation in the propor¬ 
tions of the components of different samples of cracked gas. This is due 
in part to the differenees in the stocks cracked, and in part to variations 
in the cracking conditions. By proper regulation of the cracking process, 
the percentage of the different components may be varied almost at will. 

The following table gives typical analyses of cracking still gas: 


ANALYSES OF CRACKING STILL GAS 

(In IVr Cent) 


Ethvleno. 

1 9 

2,5 

2 7 

4 0 


0 3 

27.0 

28.0 

32.4 

Propylene. 

0 8 

5 0 

7 0 

0 8 

0 1 

12.0 

10 0 

19 0 

10.8 

But vlonos .... 

7 -1 

0 3 

C 5 

2 6 

2.0 

7.1 

9,0 


5.4 

Amvlcnos ... . ^ 


0 2 







1.1 

Blit 


1 



nmn 


1.0 


0.7 

Hichcr olefines. 


nmn 



nmn 



3 0 

3.7 

HvdroiTon 

1 9 

nmn 

3 0 

5.0 

5 0 

17 

7.0 



Paraffins. 

8S.0 


80 2 

81 6 

81.4 

72.9 

40.0 

■jH 



Amount of Gas Produced. The amount of gas produced per barrel of 
charging stock also varies quite widely. Gas formation is particularly 
high in vapor-phase cracking plants. The gas production depends on the 
nature of the oil charged and the conditions of the cracking operation, 
such as temperature, pressure and time. In the Table on page 879 are 
shown the volume of gas produced in the cracking of different type 
oils in the so-called liquid-vapor phase process. Other data of the crack¬ 
ing operation, including the jueld of gasoline, are also given. The anti¬ 
knock value of the gasoline is noteworthy. 

Uses of Cracking Process Gas. Fuel. The first use of gas from crack¬ 
ing units, and the major one today, is for refinery fuel. It has a calorific 
value of 1400 B.t.u. more or less, per cubic foot. The extent to which 
gas from cracking surpasses other commercial gases in heating value is 
shown in the following table: 

Calorific Values of Various Commercial Gases 


B.t.u. per 
Cubic Foot 

Cracking still gas. 1400 

Natural gas. 1000 

AVater gas.300-320 

Carbureted water gas. 650 

Producer gas from coal or coke. 140 

Coke-oven gas. 600 

Blast-furnace gas. 100 
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GAS PRODUCTION AND OTHER RESULTS OF CRACKING 

representative OILS 

Fuel Oils 


i.f Oil 


Panhaiuilr . 
Caddi^Hull , 

Mid-CofilUK*cit 

NIuflkr*gon . 

Iiodf*cran<.. 

California. ... 

Ark. 

North . 

I.ua Cfuccn. 

Wyoming:. 

Oroiton Baairi. 

Kentucky. 

Pondera. 

Veil I urn. .. 

McCarney. 

AlarniloA, Culif. 

CnJif«>riji(i. 

California. 

IVxon. 

Peraia. 

P<TU. 

Como»Joro, A rite ri tin a .. 

Ilurshudn. t^tcypt. 

Co;ri<xJor»i , 


Gas Oils 


•Per cent Uooiocio io adroUturo with 
knock rating. 


Gravity. 

Go.^, 

Itotor 

p. n 

Ook<\ 

Benzol 

I>* Kri*<5 

C'u. Ft, per 

Fu. 1. 

Itottonu, 

l-b.'4 prr 

r*'»njiv aJent, 

A. P. I. 

liurrel 

P* r <\-nt 

P< r Out 

BarrvI 

of Gasoline * 

20 u 

421 

01 1 

n 1 

"■ 

41 

22 

2.S 0 

IKS 

07. S 

12 2 

28 

44 

27 i 

117 

01 2 

17 0 

41 

28 

1 

020 

00 I 

10.5 

4 1 

15 

2A.7 

.517 

1*<. 0 

21.2 

IS 

32 

2.> 0 

t>70 

01 2 

17.3 

it 

30 

21.0 

22 7 

470 

400 

00. f) 

0] ,0 

11 1 

12 1 

.53 

:n 

20 

21 

22 ti 

8.14 

1(1. 1 

7 2 

07 

30 

22 1 

170 

10.8 

0.0 

t')0 

22.2 

700 

5t'> 0 

11 1 

4 4 

35 

22. l> 

640 

00.8 

11 0 

AS 

4r I 9 

30 

21 I 

Htil 

40.1 

11 o 

72 

27 

20 ) 

ir>H 

17.2 

11 s 

33 

40 

10.0 

021 

1'r 1 

11.1 

03 

30 

10 A 

17.2 

008 

U1 

12.7 

48.g 

K 1 

11.1) 

02 

41 

18 

10 7 

017 

48 2 

1 1 0 

103 

33 

H.O 

127 

30.0 

3 2 

118 

24 

21 H 

420 

O>0.4 

17.0 

03 

20 

21.0 

021 

51.0 

20.4 

11 

11 

20 :> 

101 

18.1 

12.1 

42 

40 

17 1 

118 

40 7 

17.1 

01 

10 

11 0 

oryi 

i>0 1 

IK 2 

1#t 

.31 


Pearwylvnnia... 

California. 

KIdorado. Ark 

California. 

Tcao^ 

California 

Boutb America: 

1H M 

3K 0 

14 7 

11 7 

27.3 

21.2 

170 

3.VI 

211 

2.50 

1.10 

028 

71.0 

Of .8 
00.7 

47. 1 
43.0 
.5fi.4 

0.8 

lti.8 

21.5 

18.0 

32.2 

13.9 

24.8 

12.9 

30 0 

H.7 

2f). 1 

31.0 

:i<i 

42 

30 

40 

25 

40 

Lc Concepcion. 

1^ Roaa 

.17. 1 

*i»i i*. 

317 

281 

103 

02.7 

11.8 

20,9 


Ilurghadn, Egypt. 

*IU . *1 

31 3 

02. 1 

02.2 

20.3 

18.1 

... , 

fJouth America: 


10.4 

28.0 

31 

La Paz 

33.3 

11. 1 


59.0 

17.2 




Afeno Grande. . 

471 

10.0 

20 0 

17.2 

rt 


- * \ ~ • •• 1 

CnruK Oius 


Nacomcs Texaa . 

22 .5 

17.U 

11.4 

11 4 


58,8 




Cole Bninl 

• n't 

Pn\ b 

10 1 

43 

31 

Posoereck, Calif. 

OU8 

01.7 

40.s3 

52.1 

48.2 

50.1 

21.3 

21 

30 

•Marienpa FlaU. 

781 

874 

410 

21.3 

SO 

41 

MaricoDa Plata 

Wiotxe, Qermanv. 

13.7 

18.4 

19.7 

21.3 

13.5 

42 

73 

55 

52 

52 

28 


PcntMylv.nia #trfti«hWuo goaolinw which is equivalent io 
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Enriching Other Gases. But gas from cracking has higher uses than as 
fuel for stills and boilers. Because of its content of illuminants, and its 
high B.t.u. value, it is excellently ^suited for the enriching of gas of low 
calorific value for domestic use. Where cracking units arc located near 
cities, the gases from the cracking stills are often sold for blending purposes. 
Cracked gas has been used to “ enrich ” water gas, coal gas, and coke-oven 
gas. From the gas makers’ standpoint its use is advantageous because 
it eliminates the equipment required in enriching gas by pyrolysis of gas oil. 

Chemical Synthesis. Another use of cracking still gases which is grow¬ 
ing in importance is their emplojnnent in chemical synthesis. The olefinic 
hydrocarbons contained in these gases, especially ethylene, propylene, 
butylenes, and amylenes, are the basis of new chemical industries already 
of considerable magnitude. 

Ethylene is present in cracked gas in large proportion and is also 
obtained by the pyrolysis of natural gas. It is a versatile compound, with 
uses ranging from employment as an anesthetic to the ripening of fruit 
and vegetables and the preparation of war gases. It is widely used in 
chemical synthesis. 

The production of ethyl alcohol from ethylene has been carried out 
commercially for a number of years. Alcohol from this source has not as 
yet materially disturbed the fermentation industry, but it is possible that 
this synthesis may become of great industrial importance. Ether also 
has been commercially prepared from ethylene. More important than 
these syntheses at the present time is the production of ethylene glycol, 
ethylene oxide, and ethylene chlorhydrin. The glycol, a relatively rare 
compound ten years ago, is now a familiar “ anti-freeze ” for automobile 
radiators, and the starting point for the synthesis of a number of new 
substances that are valuable solvents. Ethylene oxide and ethylene 
chlorhydrin are widely used as intermediates in chemical manufacture. 

The higher members of the olefine series are obtained almost exclu¬ 
sively from cracking process gas. They have been used to date chiefly 
for the production of alcohols. It is probable that other industrial uses 
for them will be developed. 

In the commercial production of alcohols the cracking process gases 
arc first stripped of gasoline and hydrogen sulphide. A treatment is then 
given with dilute sulphuric acid to remove butylenes, amylenes and higher 
olefines, which can be absorbed by a more dilute acid than will react with 
propylene or ethylene. The remaining gas is scrubbed by passing it 
counter-current to sulphuric acid of about 85 per cent strength. This 
acid removes the propylene. The ethylene and other residual gases 
pass through the scrubber unchanged and may be separated in a sub¬ 
sequent process. Sometimes the absorption is carried out under pressure. 
The absorption process is facilitated by using a mixture of sulphuric acid 
and heavy oil kept in a state of agitation in place of the acid alone. 

The 85 per cent sulphuric acid, after this process, contains the acid 
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derivatives of propylene and some polj-merized material. It is diluted 
with water to throw out the poljmiers as an oily layer. The acid layer is 
then sej)arated and steam distilled, and dilute Isopropyl alcohol jjasses 
over into the condenser. It is purified and concentrated. 


In 1926 the production of Isopropyl alcohol was 575,000 gallons.* Some 
propylene glycol is also manufactured from propylene. 

Secondary butyl, amyl and hexv’l alcohols are obtained by further dilut¬ 
ing the acid used for absorbing the corresponding olefins, distilling with 
steam, concentrating the dilute alcohols and separating them by fractional 
distillation. Tertiaiy butyl alcohol, heptyl and octyl alcohols may bo 
obtained from the gases in smaller amounts. A number of the above alco¬ 
hols are not at prescuit made in commercial quantities, but could be pro- 
duc(?d whenever a demand for them arose. 


Little - gives the following yields from vapor-phase cracking of gas oil 
m an e.xperimental three-hundred-barrel unit: 


Per Barrel Gtis Oil 


. 

Isopropyl alcohol. 2.5 gallons 

Tertiary butyl alcohol. 0.85 gallon 

Secondary butyl, amyl and hexyl alcohols.... 1.65 gallons 


The tcrtiar>' butyl alcohol was sufficiently pure to ciy stallize. The 
residual gas contained 260 cu. ft. of ethylene per barrel of charging stock. 

i he alcohols from cracked gases, being new coinmercuil products, have 
not yet fourul their full place in industry. The present output of these 
substances is therefore far less than their potential production, based on 
the amounts of the unsaturated hydrocarbons which are available from 
cracked gases. The alcohols will undoubtedly find use both as solvents 
and as chemical raw materials. The cosmetic and phannaceutical fields 
wUI probably find them valuable. With development of new uses for 
alcohols, their production will necessarily increase and a greater demand 
for cracked gases can be looked for. 


It IS certain that the production of alcohols and glycols does not exhaust 
the synthetic possibilities of the olefine hydrocarbons. They are capable 
of reacting in many ways and no doubt additional products will in the future 
be made from them. Butadiene, closely related to rubber, is found in 
appreciable amount in cracked gases. This compound can be polymerized 
into a rubber-like substance useful in the arts. Cracked gas is also suited 
for the production of hydrogen and the manufacture of carbon black. 

Treating Gasoline. The bulk of the gasoline produced by the simple 
distillation of crude oU is not treated with sulphuric acid, and is made to 
meet commercial specifications with little or no use of chemicals. With 


* Brooks, Chemical Reviews 2 , 387 (1926). 

•Little, Address before Amer. Chem. Soc., Sept. U, 1928. 
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crackcfl distillates more extensive treatment is often required than with 
the st.raip:l»t.-rim gasoline. 

The most important quality required of gasoline is stability under 
conditions of marketing and use. This requires the absence of substances 
which form gum when the gasoline is stored or burned. It Ls also often 
required that gasoline be free of color, sweet in odor, non-corrosive, sweet 
to the doctor (sodium plumbito) test, and with a sulphur content below a 
fixed maximum value. To enable cracked distillates to meet these require¬ 
ments, a numljer of treating methods have been developed, the one to be 
used in a particular case depending upon the specifications to be met and 
the oil used in cracking. 

Morrell ’ gives the following as the “ most desirable and most generally 
applied metliod for the treatment of cracked distillates. 

“(a) Agitato with sulphuric acid. Settle and draw oflf sludge. 

“ (b) Short water wash, usually 5 to 10 minutes. 

“ (c) Agitate with plumbite solution. The product should show a neg¬ 
ative doctor test at this stage. If a suspension is formed on addition of 
the plumbite solution or after blowing or agitating, allow to settle and draw 
ofif. Under any circumstances draw off the plumbite solution after settling. 
Do not use sulphur. 

Notk \\ hile it is desirable at all times to have the treated cracked dis¬ 
tillate sweet before distillation, the sweetening treatment shown below 
may in some cases be completed during distillation. On the other hand, 
too high a temperature (local or otherwise) of redistillation will produce a 
sour condition in practically all cracked distillates, owing to the formation 
of hydrogen sulphide and mercaptans. 

“(d) Wash for short period with water, agitating if suspension is 
removed, but simply showering if suspension is still present, to avoid emul¬ 
sion. This water wash may be dispensed witli in most cases. 

“ (e) Distill in the presence of steam, following the precautions shown 
in method 1, preferably using a continuous method of distillation. 

“(f) If the gasoline distillate is sour (positive doctor test), sweeten by 
treatment with plain solution of sodium hydroxide, using the most dilute 
solution which will accomplish the purpose. A final water wash is desirable 
here. The final caustic wash removes hydrogen sulphide formed during 
the distillation. 

“It is sometimes desirable to precede the acid treatment by a water 
wash to remove undesirable water-soluble compounds such as hydrogen 
sulphide. A caustic wash followed by a water wash serves the same pur¬ 
pose to a greater degree.” 

A second method is applicable especially to cracked distillates from light 
or heavy California, Mexican, South Ajnerican, and similar oils, and gives a 
sweet, stable product seldom obtainable by the methods previously described 

* Ind. Eng. Chem. 18, 733 (1926). 



THE PETROLEUM INDUSTRY 


883 


^^nth cracked distillates from these types of oUs. A further rerhietion in sul¬ 
phur content has also been noted in some cases. The writer has used tins 
method with success for several yeaiv. and refers to it as the ‘.split plumhite' 

method, as the plumbito treatment both precedes and follow.s the acid 
treatment. 

“(n) Apply preliminary water wash. Treat with plmnbitc solution 
preferably stronger than 20* Be. Settle and draw .sludge. 

“(b) Short water wash, simply sliowering if suspen.sion Ls pre.sent. 
Draw off as nmch wator as possible before procoodinK to next stop 

(c) Agitate for about 5 minutes with a small quantity of sulphuric 
acitUahout 1 pound per barrel of distillate) and draw sludge afU^r settling. 
‘(d) Apply main .sulphuric acid treatment. Draw sludge. 

(c) Short water wash. 

(f) Agitate with plumhite .solution (about 10* to 16* Be.). Remove 
used plumhite. (If a ‘doctor sweet ' product is not required, a plain sodium 
hydroxide solution may ho substituted here for the plumhite .solution with 
good results for some types of oil.) 

“(g) Water wash. (1’iiis step may be omitted in many cases.) 

“(h) Distill in the pre.senee of steam, following previously mentioned 
precautions. 

“(i) If the gasoline comes over .sour (po.sitivc) to the <Ioctor test, treat 
with the most dilute solution of sodium hydroxide whicti will sweeten it 
If dilute caustic will not sweeten the gasoline distillate-, a dilute plumhite 
solution will .serve tliis purpose without tfie u.se of sulplmr. A final water 
wash is de.sirahle here.” 




H 


Mixtures of cracked distillate nnel straight^nm gasoline may be 
treated according to either nietliod. “ If the straight-run benzine does not 
require acid treatment, it may be mixed with the acid-treate-d, cracked 
distillate, wa.shcd with water, plumbite-treated, etc., as in the first method. 

The acid-treated cracked distillate may have a short water wash before 
mixing if desirable. 


“These methods will produce a water-white, sweet, negative corrosion 
gasoline in practically all case.s if proper attention is given to the rcdistilla- 
tion of the treated distillate. The aim hero is to reduce the temperature 
and time of heating to a point consistent with capacity and efficient 
separation. This is accomplished by the introduction of sufficient steam, 
continuous distillation, and an efficient fractionating column." In tbe case 
of some refractory pressure distillates, an alkali treatment is first given 
a small amount of sulphur is then added, and the treatment completed 
according to the second method de8cril)cd. 

'^ConceiHraiians, Volume, Time, Acid ne(ruiremcnts. Sulphuric acid 
having a gravity of 66* B6. usually meets all of the acid requirements of 
the petroleum refiner and, since it is most casUy available and convenient 
Its use is recommended. With some types of cracked products however’ 
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a moro dilute acid gives better results. This applies particularly to the 
products of cracking from sources other than petroleum, although some 
cracked petroleum types respond more readily to dilute acid treatment or 
its equivalent. 

"Cracked distillates from IVIid-Continent charging stocks—including 
those from northern and central Texas, Louisiana, Oklahoma, Kentucky, 
and Kansjis, as well as those from the Rocky Mountain, Appalachian, and 
Inthana fields—usually require from 2 to 6 pounds of acid per barrel of 
distillate. Tho.se from Texas coastal, Smackover (Arkansas), California, 
Mexican, South American, Borneo, etc., charging stock usually require 
5 to 8 pound.s of acid per barrel of distillate. On a batch basis 15 to 20 
minutes’ thorough agitation is sufficient for the acid treatment. Sludges 
from acid treatment may be re-used with a possible saving in acid require- 
ment-s. Economics in this direction, however, must be practiced with 
caution. Acid sludge should never be used upon a wet oil—i.e., the acid 
sludge treatment should not follow a water wash directly. Preferably, the 
use of sludge acid should be preceded by a 1-pound fresh acid treatment and 
followed by the necessary amount of fresh acid. Cracked distillates which 
have stood for several months in storage require more acid for treating 
than the fresh distillates. There is no doubt that chemical changes take 
place on standing; for example, hydrogen sulphide has been observed to be 
absorbed in such distillates. The reduction of the sulphur content by like 
treatment is also rendered more difficult with cracked distillates stored 
for several months. On the other hand, short periods of standing—e.g., 
several weeks—may even facilitate treatment of the cracked distillate. 

“ Plumbiie Treatment. The plumbite solution consists of litharge dis¬ 
solved in a solution of sodium hydroxide, and derives its name from one 
of the components of the resulting system—namely, sodium plumbite. 
For most cracked distillates from 0.02 to 0.2 pound of litharge per barrel 
of distillate is used, but for those containing a relatively high percentage 
of mercaptans much larger amounts may be used. Where the plumbite 
solution is used previous to the acid, best results are obtained with the 
litharge dissolved in concentrations of sodium hydroxide from 20® to 30® 
B4. (13.6 per cent to 24 per cent NaOH). Where the plumbite solution 
is used following the acid, the litharge is best applied in solutions of sodium 
hydroxide from 6® to 16® B6. (4 per cent to 11 per cent NaOH). 

“The litharge is dissolved in the sodium hydroxide solution while the 
latter is hot. This saturates the solution, the excess of lead monoxide 
crystallizing out on cooling. The actual concentration of litharge which 
reacts or dissolves is about 1.5 per cent for a 16® B6. sodium hydroxide 
solution and about 3.0 per cent for a 30® B6. sodium hydroxide solution. 

“For the average cracked distillate from 1 to 2 per cent by volume of 
the plumbite solution is used, being varied to meet conditions and require¬ 
ments. The amount of litharge required is determined by trial, using the 
smallest quantity necessaiy with sufficient time of contact to render the 
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oil swcot to the doctor test or to give the desired results. Excess or so- 
called ‘waste ’ plumbite solutions may be recovered by allowing the sus¬ 
pended material U> separate on standing and drawing off the clear liquid. 
Additional or make-up litharge may bo added upon re-use. It has been 
commonly obsen.’ed that the presence of precipitated lead sulphide in the 
plumbite treatment facilitate.s the sweetening action.” 

‘‘Water iro.s/ic.?. Water washes are generally desirable preceding and 
following all chemical treatments of a cracked distillate. Where sludges 
are formed they are withdrawn before washing, ^^'ashes preceding the 
acid treatment remove hydrogen sulphide and other water-soluble impuri¬ 
ties. The neces.sity or advi.Siibility of a water wash preceding the acid 
should be checked by a laboratory treatment. If no advantages are 
observed, it is more simple to proceed directly with the acid treatment. 
With the split plumbite treatment, the presence of too much hydrogen 
sulphide will prevent proper contact of the plumbite solution with the oil, 
owing to the large amount of lead sulphide fonned immediately upon the 

addition of the plumbite solution. A water or caustic wash will remedy 
this. 

“Water washes following the plumbite treatments clear the oil of sus¬ 
pended material. About 5 to 10 numites’ wa.shing following the acid 
treatment after drawing the sludge is usually sufficient to remove most of 
the r(‘maining acid. It is essential that all the acid sludge bo allowed to 
settle and be removed before washing with water. This prevents con¬ 
tamination of the treated oil with the products of hydrolysis of the acid 
sludge. 

“ Treatment of Cracked Gasoline Distillate. All the methods described 

refer to the chemical treatment of a cnidc cracked distillate containing 

not only gasoline, but also a heavier oil component. This treated distillate 

is redlstilhjd in the presence of steam as outlined, the gasoline distillate 

product being further treated in most cases. This additional treatment 

u.sually consists of washing the gasoline distillate with dilute solutions of 

sodium hydroxide to remove hydrogen sulphide and other alkali-soluble 

products resulting from the heating of the treated oil during distillation. 

The gasoline distillate may be finally water-washed and the product sent 
to storage. 

“ Use of Plumbite SoluHone on Cracked Gasoline Distillate. There are 
cases, principally dependent on distillation conditions as well as uiwn 
types of cracked distillate, where the use of a dilute plumbite solution is 
necessary to sweeten the cracked gasoline distillate, the plain caustic 
solution not sufficing. In such cases mercaptans, as well as hydrogen sul¬ 
phide, which have been formed during distillation, arc removed by this 
treatment. As with the plain sodium hydroxide treatment, the most dilute 
plumbite solution which will answer the purpose is used. Here again the 
use of free or elementary sulphur is avoided in order not to jeopardize the 
stability of the cracked gasoline. 
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“Tlio introduction of more st^am up to the limit of an all-steam dis- 
t.ilhitioii, assuming proper chemical treatment previous to this stage, will 
correct any distillation condition tending to produce a sour product, so 
that the use of either plain caustic or very dilute plumbite solutions will 
sweeten the cracked gasoline, no sulphur being necessjiry. Any observable 
sourness under tliesc improved conditions is usually due to hydrogen 
sulphide. 

“UV of AlkoUnc Solutions to Improve Odor of Cracked Gasolines. For 
best results, ciiemical treatment of the cracked gasoline distillate (obtained 
from the chemical treatment and redistillation of crude pressure distillate) 
shouhl be reduced to a minimum with regard to concentration and type 
of reagents. ICven with a mild reagent, as dilute solutions of sodium 
hydroxiile, concentrations of 5 per cent or less may affect the color of the 
cracked gasoline. Solutions containing less than 0.5 per cent sodium 
hydroxide will improve the odor without having a bad effect upon the color. 
Such treatment removes the dissolved hydrogen sulphide, the gasoline 
thereby being rendered doctor sweet and negative in corrosion. 

Stabilizi}ig Gasoline Distillate. With certain types of equipment 
which allow film super-heating of the cracked distillate and with various 
types of cracked distillates requiring varying temperatures of distillation, 
aUhougli a wator-wliito and sweet product is obtained by treating according 
to one of the above methods, it may be unstable—i.e., become discolored 
or clouded, especially on short exposure to direct sunlight. 

“ In such cases an additional final treatment with fuller’s earth or other 
adsorptive earth or clay will produce a stable product under practically 
all conditions. This treatment may be applied in one of two ways: (a) fil¬ 
tration of the distillate through a column containing coarse or granular 
earth, or preferably (b) the use of fine earth as follows: 

“After treating the gasoline distillate with dilute sodium hydroxide 
(if necessary) and water-washing, allow the water to settle and draw off. 
Add a small quantity of fine fuller’s earth while agitating the oil, and then 
add the remainder of the earth, using a total of from 0.5 to 1.0 per cent, 
by weight of the oil. Agitate the whole thoroughly, allow the earth to 
settle, and draw off. To remove the fine earth that remains in the gasoline, 
wash, and agitate with water. 

“The last step is a case of selective wetting and adsorption of the water 
by the earth. Mechanical arrangements, although seldom necessary, may 
be used also for filtering out the suspended earth.” 

“ Dilute sulphuric acid (60 to 90 per cent) or its equivalent may be 
advantageously substituted or combined with concentrated acid in suc¬ 
cessive steps with some types of cracked distillates from petroleum and 
particularly those from shale oils, wood, and coal tars. In the latter case 
the dilute acid treatment precedes the treatment with the more concen¬ 
trated acid. 

“ Treating Equipment. All these principles may be applied to either 
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batch or contmuous treatment of the cracked distillate. Continuous 
treating systems using orifice columns, packed columns, baffled coils, or 
other mLxing devices are economical from the viewpoint of throughput 
and cutting down of losses by evaporation. The orifice column i.s a 
factory mixing device. 

“Continuous treating sy.stem.s consist of combinations of mixing, 
settling, and washing arrangements, depending on the method of treat¬ 
ment. The mixing arrangements usually consist of orifice or baffled 
columns or coils discharging info a settling chamber from which the oil 
overflows into another settling chamber when necessar}*', and untler any 
circurnstance.s into a washing chamber ef|iiipped with spray washer below 
the overflow level. Before subjecting the oil to the action of the next 
reagent or mixing .stage, it i.s good practice to discharge it into a nvservoir 
or surge tank which permits regulation of the oil flow and proper propor¬ 
tioning with regard to the succeeding reagent—for example, pluinbite 
solution or .sodium hydroxide. 

“The following continuous treating arrangement is suitable for any 
type of treating and especially for the split pluinbite treatment: plumbito 
mixing column or coil, pluinbite settling chamber, water-wash chamber 
equipped with spray, reservmir or surge tank, booster pump (which nets 
as mixer if of the centrifugal type), acid mixer, two acid .settling chambers, 
lead-lined water-washing chamber, reservoir or surge tank, booster pump,' 
pluinbite mixing column or coil for second pluinbite treatment, and finally 
a plumbito settling chamber. The last chamber may Im* equipped with a 
water spray. The rest*rvoirs or surge tanks may be a 10- or 12-inc!i column, 
in proper serial arrangement and of the same lieight as the settling cham¬ 
bers, equipped with sight or gage glasses. 

“The settling chambers are equipped with gage or sight glasses and 
drains for drawing off sludge acid, waste alkali, or plumbite and wash 
water. The pressure distillate charging pump is equippc<l with a meter. 
The booster pumps may be likewise equipped. The meters may be placed 
in bypass arrangement. Drain and feed cocks should be of the self- 
lubricating type. Blow cases arc installed in duplicate to permit periodic 
gaging. Acid and plumbite storage tanks should be provided. Manom¬ 
eters are useful for testing differential presssures at various points." 

Fig. 327 is a diagram of a continuous treating system following the 
above description. For the first method of treating outlined everything 

to the left of the acid mixer may be omitted. Fig. 328 shows agitators 
used in batch treatment. 

Chemical Factors in Dislillalion. Aside from the principles involved 
in the efficient fractionation of a hydrocarbon mixture such as is repre¬ 
sented by original cracked distillates, the chemical factor also enters into 
the redistillation of treated distillates to produce color- and odor-stable 
gasoline. On the other hand, chemical changes due to long-continued 
heating at too high temperature may render the gasoline produced both 
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sour and unstable. Careful attention must be paid to this point during 
the distillation operation. 

“The sourness may be due to the formation, at elevated temperatures, 
of hydrogen sulphide and possibly some mercaptans from the sulphides, 
disulpliides, and other sulphur compounds present in the cracked distil¬ 
late. Elementary sulphur would also cause the formation of hydrogen 
sulphide. The dialkylesters of sulphuric acid formed during the acid 
treatment are decomposed on heating, forming tarry substances as well 
as sulphur dioxide. PoljTnerization of the olefins and the formation of 
diolefins and tarry substances arc no doubt promoted under the effects 
of the high temperature tluc to the local overheating. 

“Partial remedies for these difficulties have been mentioned—that is, 
dilute sodium hydroxide solution for sweetening and fuller’s earth for 
stabilization. To avoid an unstable condition in the gasoline products, 
however, the temperature factor is usually controlled by the introduction 
of steam, which, on account of its partial pressure, lowers the average 
boiling point of the mixture. Preferably, the steam is introduced into the 
body of the oil to increase the evaporating surface as well as for other 
beneficial effects. 

“The amount of steam to be introduced depends on the type of oil to 
be distilled, the capacity desired within certain limits, and the chemical 
critical temperature of distillation—that is, the maximum temperature 
for the type of distillation equipment used which will produce a stable 
product. All-steam distillation, either of the saturated or superheated 
type, will give the best results, but it increases the cost and decreases the 
capacity. 

“In general, a reduction of the temperature and time of heating con- 
cistent with capacity and efficient separation should be the aim in carrying 
out the distillation operation. The time factor is taken care of by continu¬ 
ous or semicontinuous distillation instead of batch distillation." 

Low Temperature Acid Treating. A notable advance in the treatment 
of certain types of cracked distillates, particularly those from California 
oils, is the use of sulphuric acid at low temperature.^ The distUlate is 
cooled to — 5® F. (— 20® C.) and the acid added in two or more portions, 
with cooling after each addition. Sludge is removed and the oil washed, 
neutralized, and redistilled. This method of treatment is particularly 
effective in removing sulphur. In the treatment of distillates to which it 
is adapted, cold treatment uses less acid and causes smaller loss of oil 
than does treatment at ordinary temperature. 

Vapor Phase Refining. Recently considerable amounts of cracked 
distillate have been refined by passing the vapors through adsorbent earths. 
Gray, who is largely responsible for the introduction of this process, writes 
of it as follows: ^ 

^ Halloran, Amer. Pet. Inst., IX, No. 7, p. 153, Jan. 31, 1928. , 

* Natl. Pet. News, Sept. 28, 1927, 66. 
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“Whereas <acid tre<atinK of cracked products was simplj' a development 
of well known practice with slight modifications to suit the case at hand, 
vapor phase refining was worked out with cracked products in view, and 
is intended to eliminate most of the disadvantages incurred in acid treating. 
This process is also based on the poljanerization of the objectionable 
unstable unsaturated compounds, which is effected by passing the vaj>ors 
in contact with substances capable of catalyzing the pol>^ne^ization 
reaction of the diolefincs. Solid adsorptive catalysts are used for thus 
purpose, the one in common commercial use being fuller’s earth. These 
substances arc much more selective than acid in their action on the com- 



Tia. 328.—ARitators Uwxi in Batch Treating. 

(From Ofay. Manual o/ IndunCrial Cliemiatry, M edition.) 


ponenU of cracked products, as they seem to affect under the conditions 
only the diolefincs, and allow the valuable olefines and aromatics to pass 
through unchanged. In fact antiknock tests in actual motor operation 
by the bouncing pin method show that the treated gasoline is not appreci¬ 
ably different in antiknock value from the crude cracked gasoline. 

“As the materials polymerized in this process are simply the objection¬ 
able diolefines, which are present in most cases in small quantities, the 
polymers formed amount usually to from six to eight tenths of 1 per 
cent of the material treated, and for pressure products are always well 
under 1 per cent. This is the only loss incurred by vapor phase refining 
and is in some cases balanced by what actually seems to be an increase in 
the amount of gasoline. 
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“Since the materials treated arc in the vapor phase, it is possible to 
use the process either in connection with a re-run distillation where the 
cracking unit produces a pressure distillat-e or directly in connection with 
the cracking unit where the latter is capable of producing end point gaso¬ 
line. It is in the latter instances especially that the gain in jneld is apparent, 
as in installations of this kind dc.spitc the known occurrence of polymers it 
has been impossible to determine any difference in the yield of refined 
gasoline obtained directly from the cracking unit. 

“It is thought that this is due to the partial peljmerization to sub¬ 
stances boiling in the gasoline range of what would otherwise be lost as 
fixed gases. 

“The apparatus used is of the simplest. It consists merely of a tank 
with a false, vapor-permeable bottom, on which the catalyst is supported. 
Vapors to be treated may be introduced either above or below the bed of 
catalyses and preferably pa.ss through it. During the passage the diolc- 
fincs are caused to poljTnerize, and the poljmei*s, having a higher boiling 
point, remain liquid and are trapped o\it from the vapore, which are passed 
to the condenser. Despite the fact that the treating towers or polymerizers 
are well insulated there is some condensation of gasoline taking place in 
the fuller’s earth. This is very useful in that it assists in washing the poly¬ 
mers out of the clay and prolongs the life of the catalyst. Condensate and 
polymers are easily pumped to the fractionating column, or in the case 
of direct connected units, to the vaporizer or bubble tower of the cracking 
still, d'he polymers are interesting substances chemically, and it is more 
than likely that a use will be developed for them which will make it advis¬ 
able to collect them separately. At present, however, they are in most 
cases rccracked, as they make excellent cracking stock. 

“The fuller’s earth used in commercial installations has had an average 
capacity of well over 1000 barrels of finished gasoline per ton. This, of 
course, also varies with the distillate being treated. In one case, a Mid- 
Continent gas oil cracked by the Cross process a yield of almostjTOOO bar¬ 
rels per ton has been obtained. Most commercial installations range from 
700 to 3000 barrels per ton. 

“As the treating towers in most common use contain either 8 or 15 
tons of fuller’s earth, the number of barrels which can be treated per charge 
of catalyst can be seen to be large, and the percentage of idle time due to 
discharging and recharging the catalyst is very small. Moreover, the earth 
can be burned and revivified almost indefinitely in furnaces of the multiple 
hearth type, giving practically as good results on the fortieth use as on 
the first. Most users of the process, however, discard the clay after using 
it once, the yields being so great as not to warrant the cost of reburning 
equipment. The gasoline produced is of good color, stable, low in gum 
and make^ a very satisfactory motor fuel. 

“It is possible by vapor phase refining to prepare a doctor sweet prod¬ 
uct directly, by combining copper oxide or simOar materials with the fuller’s 
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earth or other adsorbent used. Both laboratorv and refinerv scale ex- 
perimerits along these lines gave extremely sati.sfacU)ry results, and the 
commercial installation of the proce.ss so modified is only waiting the 
conclusion of experiments to determine the best way of recovering tlie 
combined catalvst. 

“ The removal of sulphur from cracked gasoline where stringent sulj)hur 
specifications are to be met is a problem which luus not yet s:itisfactorily 
been solve<l.” 

Kerosene. Kerosene is frequently treatetl by wasliing with acid and 
alkali. Aiuither process which has come int-o wide us<‘ i.s the l.deleanu 
extraction with liquid sulj>hur dioxide. This is carried out at a low tem¬ 
perature, since sulphur dioxide boils at —10'". The reagent removes a 
large proportion of the aromatic and unsaturated hydrocarbons, and efT<‘ets 
considerable amount of desulphurization. There is apparently no chemical 
action, a.s the sulphur dioxide may be distilled from the di.ssolve<l niat<*rial 
and recovered. The lOdeleanu proce.ss is u.sed in preparing lamp oils from 
crudes containing large amounts of aromatic hydrocarbons, such as tho.'^e 
of Iloumania, Borneo and ('alifornia. Without refining, tbese kerosenes 
burn witli a .‘iinoky flame, while if aci<l tnaitment were carrieil far enough 
to give a scitisfactory burning oil it would cause heavy losses. 

Lubricating Oils. Lul)ricant stock from wax-bearing oils must 1)C 
freed from wax Ijy cliilling and filter pressing, or by dilution with a light 
oil, cliilling and centrifuging, depending on whether the wax is present in 
a crj'stalline or a so-called amorphous condition. The oils are then freed 
from other undesirable constituents, sucli as a.sphaltic materials, by treat- 
rrumt with considerable amounts of sulphuric acid. Lubricating oils are 
also treated by submitting them to the ad.sorptive action of fuller’s earth 
or other contact substances, either witli or without the of aeitls. The 
fuller’s earth or other adsorptive agent may be applied in cither of two 
ways, “percolation,” the older method, or “contact filtration.” In the 
former method the oil is pas.«od through a bed of granular material under 
sufficient pressure to cause flow. Ivich increment of oil is thus exposed 
t<j the action of succe.ssive portions of earth, and in effect is treaU'd with 
an cxcc.ss of the adsorbing substance. 

In contact filtration the oil to be treated is mixed with the finely divided 
treating agent, usually at a fairly high temperature. The suspension is 
agitated for a short period and then filter pressed. 

The Edcleanu sulphur dioxide proce.ss is also finding apjilication in the 
treatment of lubricating oils. 

Testing Methods for Petroleum Products. The testing of petroleum 
products has two major purposc.s. It fonns the basis of their evaluation 
in commerce, and it Ls a necc.ssity in the control of refinery operations. 

' The generally accepted testing methods are those of the American Society 
for Testing Materials, and the United States Master Specifications for 
Lulmcants and Liquid Fuels of the Federal Specifications Board (issued 



892 


INDUSTRIAL CHEMISTRY 


as Technical Paper 323B, 1927, of the United States Bureau of Mines). 
Manj' of these niethotls also have the approval of the American Engineering 
Standards Committee and some are standard in foreign countries. The 
original publications should bo consulted for full information in regard to 
them. 

Samplitig. Of great importance to the value of any test is the care 
with wliich the sample is taken. Accuracy in carrying out an analysis is 
of no value if the sample on which the analysis is made is not representative 
of the material being judged. For this reason sampling methods are care¬ 
fully specified for each type of petroleum product and each sort of container 
commonly used. 

Sometimes there is a layer of water in the bottom of a tank which must 
be taken into account in sampling. In other cases the material in a tank 
is in layers having different properties, making drawing of an accurate 
sample difficult. When oils containing wax arc stored at low temperatures 
a semi-solid layer may form at the bottom which must be mixed with the 
oil before it is sampled. With volatile products it is necessary to guard 
against evaporation. These examples indicate the care that must be taken 
if suitable samples of petroleum products are to be obtained. 

Crude Oil. With cnide oil, and refined products as well, density is 
of considerable importance. It is often the basis upon which crude oil 
is purchased. Density is sometimes reported in terms of specific gravity 
but more often in degrees of the American Petroleum Institute scale, a 
modified Baum6. This scale bears to specific gravity the relationship 


Degrees A.P.I. 


_ 141.5 _ 

Specific Gravity 60® / 60® F. 


131.5 


Samples of crude oil are submitted to fractional distillation to obtain infor¬ 
mation on the amounts of various commercial products which the oils 
will yield. The water content is determined by distillation with a volatile 
solvent immiscible in water, or by means of the centrifuge, with addition 
of solvent or chemicals. 

Gasoline. The tests customary with gasoline are gravity, color, odor, 
gums, distillation range, doctor test, corrosion test, acidity and sulphur. 

Of these the most important is distillation. It is carried out in a 
minutely prescribed manner in a standard apparatus. The method is a 
modification of one developed by Engler. Record is made of the initial 
boiling point, the temperatures when definite percentages of the charge 
have been collected as distillate (record is usually made of each 10 per 
cent), and the final temperature. The curve of percentages graphed against 
temperature gives an excellent criterion of the service properties of the 
gasoline, and the per cent over at specified temperatures is the most 
important feature of most specifications for gasoline for automobile or 
aviation use. 



THE PETROLEUM INDUSTRY 


893 


For natural gas gasoline, on account of its greater volatility, certain 
modifications of the stan<lard method of gasoline distillation are prescribed. 

Sulphur is determine<l by buniing a weiglied sample of the gasoline 
in a small lamp and detennining the amount of sulphur dioxide evolved. 

Color is measured by comparison with an arbitrary' standard. The 
doctor test Ls negative if the ga.soUne does not discolor a .solution of sodium 
plumbite (doctor solution) in the presence of sulphur. This test detects 
the presence of certain types of organic sulphur compounds, but is of 
little value. In the corrosion test a polished copper strip is expo.scd to 
the gasoline at 122® F. (50® C.). It should not be dl^jcolored. 

Kerosene. For this product the government specifications prescril>e 
tests for color, flash point, sulphur, flock tendency, distillation range, cloud 
point, and burning properties. 

The flash point Is the temjx^rature at which the vapors produced when 
the oil is warmed will first give a flash when a small flame is brought near 
the surface of the oil. 

In the burning test kerosene is burned in a lamp of specified construc¬ 
tion for a definite period. Note is made of rate of oil consumption, flame 
size, and the condition of chimnej', flame and wick at the end of the te.st. 

Sulphur Ls harmful in kerosene for lamp use lx>cause of the fumes of 
sulphur dioxide given off during burning. The distillation test on kerosene 
is carried out much as for gasoline. The flock te.st detects any precipitate 
formed by heating the oil. The cloud test shows paraffin wax or other 
dissolved solid which starts to separate from solution when the oil is cooled 
to a low temperature. 

Lubricating Oils. The main tests made on lubricating oils arc the 
following: 


Viscosity 
Pour point 
Fire point 
Acid reaction 
Emulsion formation 


Carbon resuluc 
Fla.sh point 
Color 
Corrosion 

Neutralization number 


The specifications which any given oil must meet, and the tests applied 
to it depend necessarily on the use to which it is put. 

Viscosity is exceedingly important. It should be high enough to insure 
protection of the bearings lubricated, yet not so high as to cause excessive 
friction or poor circulation. It is also desirable that the viscosity change 
as little as possible with temperature. Viscosity is measured by the num- 
l>er of seconds required for a measured volume of oil to flow through a 
standard orifice at a fixed temperature. The carbon residue test (Con- 
radson) “is a means of determining the amount of carbon residue left on 
evaporating an oil under specified conditions, and is intended to throw 
some light on the relative carbon-forming propensity of an oil,”* The 
^Technical Paper 8238. U. S. Bureau of Mines, p. $6. 
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pour point is the lowest temperature at which an oil will pour or flow when 
it, is chilled without disturbance under definite conditions. The flash 
point is the temperature at which the vapors will give a momentary flash 
when a small flame is brought to the surface of the oil. At the fire point 
the oil takes fire and burns. 

Color is measured by comparison wnth standard colors. Sometimes it 
is required that an oil shall not have an acid reaction, or that the neutrali¬ 
zation number, which measures the amount of alkali necessary to neu¬ 
tralize a definite volume of oil, shall not exceed a definite amount. In the 
corrosion test a bright copper strip is exposed to the oil, and should not be 
tarnished. Emulsion tests measure the tendency of lubricants to emulsify. 
Sometimes, in usual steam engine use, for example, power to separate from 
temporary emulsions is required; in other cases, as for marine engines, an 
oil which will emulsify is desirable. 



CHAPTER XXVni 


THE DESTRUCTIVE DISTILLATION OF WOOD 

W. B. HARPER 
Chemical Engineer, Laurel, Miss. 

Distillation Processes and Apparatus. Wood is a material that Ls 
found widely distributed. In some .sections the various woods are equally 
interminRled, while in other sections large areas are covered by only one 
species, with but few trees of other kinds. In the L^nited States there is a 
yellow pine belt rejiching from North Carolina to Texas, the northern limit 
being Central Alabama, and e.xtending south to within a few miles of the 
coast. The fir belt Is found on the Pacific Slope and extends from north¬ 
ern California into British C'olumbia. In Michigan are fouiul large tracts 
of maple, and in other states other kinds of wood are found in (juantity. 

For distillation purjwses, usually but two classes of woods are used— 
the hard woods, s\ich as oak, beech and maple, and resinous woods, such 
as the yellow pine and Douglas fir. The hard woods yiehl larger quantiti(>s 
of acetic acid and alcohol and the resinous woods more tar and oils. To 
obtain the highest ykdds of the various products sought, the proper kind 
of wood must be selected, and the .supply should be large. 

Treatment of the Material Preparatory to Distillation. In hard wood 
distillation in the Unite<l States, the wood is cut into lengths of about 
4 ft., like ordinary cord wood. In Europe the wood Ls often cut info short 
billets and then distillc<l. As the distillation of hard wood is now carried 
on mostly in connection with iron furnaces, large pieces of wood must be 
used in order to make a suitable charcoal. 

The practice with resinous woods is very varLable. Some plants u.se 
cord wood, some billets, and some chips from a chipping machine called 
a “hog.” 

In all destructive distillation processes, the finer the wood is cut the 
more quickly the distillation proceeds. To distill ver>' fine material special 
apparatus is needed on account of the tendency of the material to pack, 
thus preventing the heat from passing through and also preventing the 
gases from escaping. Usually, in a stationary retort the wood should not 
be cut in pieces less than a foot in length. As the cutting of the wood 
requires power, labor and apparatus, the advantages of rapid distillation 
are often offset by the expense of preparation. For the extraction of 
turpentine, the finer the particles of wood, the larger the yield, the quicker 
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the distillation and the better the quality of the oil produced. If the residue 
is to be used for paper making, the ehips sliould be of a suitable size to 
make the proper fiber. 

Manufacturing Processes. For the production of charcoal only, the 
simplest and crudest, form of <listillation is the common charcoal pfi, Fig. 
329. This method consists of .stacking up a lot of wood in a circle of 30 
to 50 ft. in diameter and covering it with earth. These pits arc made in 
various sliapes and sizes. Often the wood is cut into billets and placed on 
end to fonn a circular stack of several layers, the diameter of each upper 
layer being less than the one immediately below it, thus forming a mound 
or “meiler.” A passageway is left to the middle of the pile so that a fire 
can quickly reacli the center. The pile is covered with turf and sand, 
except near the bottom, where vents are left for the admission of air and 
also for the escape of the vapors. In this form of distillation part of the 
wood is carbonized by the heat formed by the combustion of the other 
part. The water vapor is driven off first and the oxygen of the air present 



Fig. 329.—Charcoal Pit. 


in the interstices of the wood is consumed. After distillation gets under 
way the air is carefully excluded to such an extent that only sufficient is 
admitted to thoroughly char the wood without burning too much of it. 
Any part exposed by the earth falling in is quickly covered and only cracks 
enough are allowed to permit the gases to escape. The charring is finished 
when the gases become light blue in color. The earth is then removed in 
small sections at a time and the charcoal quenched with water. 

In a charcoal kiln the wood is stacked either on end or lying down. 
A firing passage is left as in the case of the charcoal pit. The kiln itself 
consists of a brick chamber, either beehive in shape or rectangular. They 
are usually made large enough to hold from 60 to 80 cords of wood. Some 
are lined with firebrick part way up the side. Doors are left in the top 
and bottom for charging the wood. Openings are left in the bottom for 
the admission of air, and some have a flue connection with a stack so as to 
encourage the draft. Those having stacks can be forced so as to complete 
the distillation in two or three days if necessary. Usually it takes about 
eleven days to charge, distill and to cool with forced draft and twenty-one 
days without. 

An illustration of the most common form of kiln is shown with stack in 
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Fig. 330. The* mothoci of operating a kiln is similar to that followed with 
a pit. The fire i.'< led to tin* ini<l<ilo of tlie pile and the whole allow(‘d to 
heat slowly to drive out the water, then the holes at the bottom are closed 
and opened in such a manner as to cause the fire to sprea<l over the entire 
kiln so as to avoid, as far as possible, the fonnation of l^rands or uncharred 
pieces. As with the pit, tlie presence of the light-blue vapors denotes the 
fact that most of the volatile matter has been tlriven off. The kiln is tlien 
closed up tightly with lime anti allowed to cool. In both the pit and the 
kiln the vapors arc lost, although .sometimes a condenser is used witli a kiln. 
On account of the large amount of fire gases which mingle with the vapors, 
these condensers must be large anti .stipplietl with plenty of ctjoling water. 
The jdcltl of valuable products is much less than when retorts are ust*d. 

To manufacture tiir from resinous woods by means of kilns or pits, it 
is customary to have a trough leatling from the bottom of the wood to a 
pit underground. The wood is cut up much finer, and is more thoroughly 



burnt, leaving but little charcoal, the object being to obtain as much tar 
as possible. 

Retorts. To save the volatile matter coming from the wood, various 
retorts have Ixjon devised, varying within wide lirnihs, according to the 
kind of wood to be distilled. As already stated, with kiln.s and pits the 
volatile matter is lost or partially destroyed, owing to the admission of 
air directly to the wood. 

The simplest form of apparatus for saving the vapors formed by dis¬ 
tillation consists of an inclosed vessel, called a retort, surrounded by a 
suitable furnace, to which heat can be applied by means of coal, wood, oil, 
gas or electricity, the vessel to be supplied with a vapor pipe connecting 
with some fonn of a condenser. Some kind of tank is also needed in which 
to collect the condensed products. Where there is acid, the retorts are 
made of iron, the connecting pipes and condenser tubes of copper, and the 
receiving tanks of wood or copper lined. To distill with steam to obtain 
turpentine, a furnace would not be required, but the other apparatus 
would be similar. 

The retorts used are of two distinct types, those placed horizontally 
in the furnace and those set vertically. Of the horizontal type there are 
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two classes, the rectangular ovens and the cylindrical retorts. Of the 
vertical type there are three classes, the fixed retort, the removable retort 
and the fixed retort, with removable cage. 

Most of the retorts are made of boiler plate of a thickness of 5 in. or 
more. Formerly cast-iron and clay retorts were used, but, although they 
do not burn out as readily as wrought iron, they must be made thicker to 

have the same strength, and 
have the further disadvantage 
of cracking when heated. 

Of the horizontal retorts the 
ovens arc the most numerous— 
Fig. 331. They arc rectangular 
in shape, flat on the bottom 
and slightly arched on top. 
The bottom is supplied with 
rails. On the sides or back arc 
one or more openings for the 
exit of the vapors to be con¬ 
densed. The wood is loaded 
on steel cars holding about two cords each and rolled into the retort. 
The ovens are about 6 ft. wide and 7 ft. to 8 ft. high and of various lengths 
to hold two, three or four cars each. One or two coolers are used with each 
of these ovens, of similar shape to the ovens but of lighter material, into 
which the car of charcoal is withdrawn soon after the end of the distillation. 

Some of the cylindrical retorts, Fig. 332, are made 9 ft. long by 50 ins. 
in diameter and will hold about a cord each. These retorts are charged 
and emptied by hand. An 
iron box mounted on wheels is 
used to hold the hot charcoal, 
and when full it is covered 
with a sheet-iron cover and 
the edges luted with sand or 
clay. 

Of the vertical retorts no 
particular type seems to have 
the preference. The retorts 
are usually made cylindrical and hold from ^ to 5 cords of wood. A 
convenient size is about 2 cords. The fixed retorts remain in the brick¬ 
work and are attached to the vapor pipe of the condenser by one or two 
pipes, preferably one at the top and one at the bottom. The movable 
retorts are so arranged that they can be pulled out of the furnace when the 
wood is charred and allowed to cool unopened. Instead of hoisting the 
retort itself some types use a retort with removable cage, Fig. 333. Only 
the cage is removed, and as the cage does not have to stand the direct heat 
of the fire, it can be made of lighter material than the retort and the 



Fig. 332.—Cj’lindrical Retort and Condenser. 
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removing of the cage inrstead of tlie retort f^aves the wear and tear on the 
brickwork. In addition to this the vapor pipes are not disturbed. 

The larger sizes of vertical retorts require .‘iuitabk* hoisting apparatus 
in order to cliarge tlie wood, and there is always danger of a ropi* breaking, 
thus causing tnucli tlainage. Tlic vertical retorts ar<“ much e.asier to charge 
and are easier to clean out than the horizontal ones, particularly while 
hot. Thej' have been used for making charcoal of high carbon content. 

Cojidcnsers. Tlie condensers used are generally of one type, altliough 
other kinds might be used. 'I'lie iiK>.st s-atisfactory seems to be the vertical 
tubular conden.ser which is shown in Tig. 332. It consists of a vapor pipe, 
leading to an expanding chamber at tlie top of the condenser; the neces- 
sarj' condensing tubes, and a bottom chamber for collecting the condens(‘d 
matter frf)m the tubes—tliese parts all nunle of cop])cr. The whole is 
contained in an iron or wooden shell which holds the condensing watcT. 
The top of the condenscT is supplital with 
a cap or removable top fastened by means 
of a yoke r)r bolts so that the tubes can 
be easily reached and cleaned. To the 
lower chamber is connected an outlet 
pipe which is u.siially .supplied with a 
“goose neck “ or U-bend, to hold back 
the gases, and a top opening to permit 
the gases to escape to the furnace. The 
bottom of the condenser is made sloping 
80 a.s to <lrain out the tar. A few frac¬ 
tionating elements have been tried to 
remove the tar from the vapors, so as to 

make the pyroligneous acid free from 3.3:i.-Vertioal Retori with 

tar, thu.s saving one di-stillation when Rcinovuhle Cage, 

intiking gray acetate of lime. 

Worm condensers have been used, and also tubes set one above the 
other, with removable ends, but they arc not as satisfactory as the tubular 
condenser. 

Hardwood Distillation. Using hard wood, destructive distillation is 
practiced, the products being charcoal, acetates and wood alcohol. Most 
of the lately erected, large-sized plants use the oven type of retort while 
Bome of the earlier constructed plants continue to use the small cylindrical 
typo, and one or two the vertical type. Some large installations arc said 
to have been made, using an oven type with chambers on each side of the 
oven for receiving and discharging cars of wood and charcoal respectively. 
An attempt is being made to introduce special retorts for distilling sfiwdust. 

To carry out the operation of deatruciive diMillation no definite rule can 
be followed. Some operators find that the temperature required varies 
with the different woods, and the time of distillation varies with the tem¬ 
perature. Some woods distill easily and others with difficulty. The yield 
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of condensed products varies greatly with the method of firing. The 
charcoal made at a given temperature also varies in composition, according 
to the kind of wood used. The proper conditions should always be deter¬ 
mined by experiment when a new variety of wood is used. 

To operate to the best advantage it is best to heat slowly after the 
liquid starts to flow from the mouth of the condenser, as overheating 
causes a loss of volatile matter. There is also a tendency for pressure and 
temperature to increase suddenly, due to exothermic reactions. After 
reaching a certain temperature, which can be ascertained by the use of 
suitable pj'rorneters, the heating can be increased quite rapidly in order 
to drive out the heavy tars. The first distillate begins to come over at 
about 320® F. and consists of furfural, water and very little acid. The 
waterj' distillate is known as “pyroligneous acid.” The percentage of acid 
increases with the temperature until the tar begins to distill, then it begins 
to drop off slightly. Meanwhile uncondensablc gases are formed and these 



A ! 



p 

IDO 

0 

.0 

0 

* % 

• • * / 1 

o 
* ^ 

ooo 

// 

ooo 

□ 


1 t 

» 4 

i 1(—) ^ 

o o 
(■'. 




Q_l 

8 n 

7 


rW 1 



o°0 


Fia. 334. 


arc piped to the furnace and burned. Sometimes these gases are scrubbed 
before being burned. During the early stages of the distillation the color 
of the flame of the burning gases is blue, due to the carbon monoxide 
present, while later the color becomes yellow, due to the presence of the 
heavier hydrocarbons. The end of the operation is indicated by the falling 
off of the quantity of the distillate at the mouth of the condenser, by the 
temperature inside the retorts (about 800° F.), and by the color of the shell 
of the retort. The character of the distillate also indicates the end of the 
distillation, the tarry products being strongly in evidence. When cars or 
cages are used the charcoal is withdrawn hot, thus saving the heat of the 
brickwork for the next charge. The conditions should be regulated so that 
each retort can be charged once every twenty-four hours. 

Plans of an American hard-wood distillation plant are shown in Figs. 
334 and 335. Furnaces with two ovens each are shown at 1, 1, 1, 1. The 
wood is brought to the turntables 6, in special cars. These cars are shoved 
into the ovens and the doors of the ovens closed. The vapors from the 
distilling wood are condensed in tubular condensers 4, and the condensed 
liquors collected in tanks 5. The cars of charcoal are pulled while hot and 
taken to a series of coolers, 2, 2. The charcoal stays in each cooler twenty- 
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four hours. It is then duinpecl into she<l 3. At 7, 8, is the boiler house 
containing boilers, engines and pumps. In the refinery- building at 10 are 
the collecting and settling vats. At 11 are shown the acid and tar stills 
with condensers. The lime-lee stills are shown at 12. The alcofiol tanks 
are shown at 13 and the alcohol stills at 14. 

Acetates. From an average cord of seasone<l hanl-wood, there is 
obtained 200 to 250 gals, of crude pyroligneoxis acid. This aciil contains 
fatty acids, chiefly acetic acid, varying from 4 to 7 per cent and about 
4 to 5 per cent of methyl alcohol. There is al.so contained tluToin some 
acetone, light oil, metacetono and other ketones, aldehyde.s and tarry 
products. 

To obtain the various products, different methods are used according 
to the quality of the products made. These are brown acetate of lime or 
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lead, gray acetate of lime, acetate of soda, acetic acid, methyl acetone and 
refined wood alcohol. 

To make brown acetate of lime, the acid i.s simply neutralized with 
lime and the insoluble tarry products formed are skimmed ofT. The solution 
of acetate is distilled in an iron or copper still until the wood alcohol is 
collected, then the remaining liquor is evaporated to drjmess and the 
residue partially charred to destroy tarry matters. 

To make gray acetate of lime, the acid is distilled in a copper still before 
neutralizing and it is thus freed from tar. The residual tar amounts to 
about 5 per cent of the pyroligneous acid. It is pumped to a tar still, 
or a wooden still where the remaining acid is removed by distillation, 
using heat from a steam coil and also live steam. This is called “boiled 
tar,“ and is used for fuel. 

The condensate of acid and alcohol is neutralized with lime and usually 
settled. In large plants, the neutralized liquor is run through a continuous 
column still, heated by a pipe containing steam. The condensed vapors 
from the condenser are collected in a tank, as “weak alcohol.” At smaller 
plants, the liquor is distilled in an intennittent still called the “lime-lee,” 
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an iron still sometimes supplied with a small fractionating element. In 
this still the alcohol is distilled from the acetate liquor, the distillate con¬ 
taining about 8 to 10 per cent of wood alcohol. 

I'lie re.«idual liquor from both the column and the “lime-lee ” stills 
contains the acetate of lime solution, which is allowed to settle in tanks. 
The clear solution is evaporated to remove the water. At large plants, 
part of the water is removed in multiple-effect evaporators, followed by 
evaporation to a paste in open steam pans. At small plants, the liquor 
passes directly to the steam pan. The paste is removed to the acetate 
floor on top of the retorts where the heat of the ovens finishes the drying. 

It is possible to make acetate liquor direct from the acid still by passing 
the vapors through ves.sels containing milk of lime, so in Europe this is 
sometimes done. By keeping the acetate liquor thus formed at a suitable 
temperature, the alcohol vapors will pass on and can be condensed sepa¬ 
rately. When the gray acetate of lime is dry, it is a gray powder contain¬ 
ing 2 or 3 per cent moisture and about 83 to 84 per cent of real acetate 
of lime. It is shipped in bags. 

At one American hard-wood distilling plant, the tar is settled out. The 
settled liquor is evaporated in multiple effect evaporators and the soluble 
tar continuously removed. 

The evaporated liquor is neutralized in batches with milk of lime and 
settled. The sludge thrown down is filter pressed. ^Thc clear solutionds 
distilled in steam-heated column stills. These stills are capable of giving 
a distillato of 90 per cent crude wood alcohol. The liquor coming from the 
bottom of the still is a solution of neutral acetate of lime. 

This solution is evaporation in multiple effect evaporators to a thick 
solution. It is then dried to a mud on atmospheric drum driers. This 
could continue to dryness, but on account of the dust, the final drying is 
done in a belt dryer which keeps the acetate in granular form. 

Sodium acetate was formerly made by neutralizing pyroligneous acid 
with soda and evaporating the solution to make a red salt. This red salt 
was fused, redissolved in hot water and filtered through a filter press. 
The saturated solution was allowed to crystallize in tanks. The crystals 
were separated from the mother liquor by centrifuging. To make a still 
purer salt, these crystals were redissolved and recrystallized. The mother 
and washing liquid were mixed with the crude liquor. 

At the present time the acetate of soda is made from weak solutions of 
rectified acetic acid containing about 15 per cent of acid. The copper is 
precipitated by the addition of a little sodium carbonate in excess of that 
required to neutralize. After filtering, the acetate liquor is evaporated in 
tin-lined vessels heated by steam. A little acetic acid is added to the 
evaporated solution to remove the carbonates, and the solution crystal¬ 
lized in the regular manner. These crystals are drained and dried by cen¬ 
trifuging or storing in drying room. 

Wood Alcohol, The crude wood alcohol is collected and settled in the 
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weak alcohol tanks. The heavy oil settle.? to the bottom and the li^ht oil 
floats on top. Tlie middle portion contains the alcoluil atul water. The 
separated oils and the other oils obtained from the distillation of the middle 
portion are collected, ini.xetl and sold alcohol-free as liardwood flotation 
oils. They consist of creosote, ^^uaiacol, methyU*thyo-ketones and wood 
oils. 

The cnide wood alcohol from the “lime-lee ” still, containing 8 to 10 
per cent of methyl alcohol is distilled in a column still until tfie total dis¬ 
tillate averages about 82 per cent methanol by volume. The last runnings, 
if too weak, are collectetl .separately. If a continuous still were used there 
would be no “last ninnings." 

A product of 92 to 95 per cent can be easily obtained in an intermittent 
column still by .separating the distillate irdo fractions. Usually these 
fractions are made accortling to the percentage of acetone. The con.stant 
boiling mixture of methyl alcohol and acetone is found in the first fraction, 
a.s it has the lower boiling point. The mi«ldle fraction has a small amount 
of acetone ami the third fraction the allyl alcohols ami wood oils. 

The first runnings of the distillate are more or less ciilored, but the 
middle fraction is practically colorless ami contains upwar<ls {)f 92 per cent 
wood alcohol. After the mid<lle portion distills, the alcohol begitjs to con¬ 
tain oil and it becomes nonrniscible with water. Subs(‘(juentIv, the tli.s- 
tillute Ix^comes turbid and finally a mixture of oil and water comes over 
which sc*parate.s in two layers. There are nudlnals propo.^ed U> n inove 
the last traces of acetone, but the.se are not inucli used on a commercial 
scale. 

The refining of methyl alcohol in a continuous .still pre.sents quite a 
problem. It is necoss;iry to divide the di.still.ation into three parts. The 
weak alcohol is freed from heads and oils in a column .still, the weak alcohol 
residue passing continuou.sly to another still of similar type. The heads 
are condensed from the top of the column and flow into the bottom of a 
third column still. The oils are bled off at the bottom of the first column. 
In the second column still the methyl alcohol, and any heads and oils still 
present arc distilled from the water, the water going to the .‘^ewer. 'Fhe 
oils accumulate at the bottom of the column, the methyl alcohol is bled 
off near the top and the heads pass out to the conden.ser. In the third 
still, the heads and methyl acetone are distilled from the alcohol, the heads 
pass to the condenser, and the methyl acetone is bled off near the top of 
the column. The methyl acetone is a mixture of constant boiling point 
conhiining approximately 15 per cent of methyl alcohol and 85 per cent of 
acetone. It is sold as such. 

Some of the sections of the last two columns arc arranged so that tlie 
liquor in them can be treated successively with sulphuric acid and caustic 
soda. 

Crude Tar. The tar from hard woods is steamed to recover the remain¬ 
ing acetic acid, and the residue is usually burned for fuel. It is then ready 
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for furUicr treatment. The tar from resinous woods is distilled with live 
steam in a copper tar still, heated by means of a steam coil until the oils 
are removed. If those oils conbiin turpentine, as they would when the 
distillate from the retort is collected together, they are specially refined. 
When thick enough the tar is readj' for barreling. 

Tar Oils. There is a small but increasing demand for tar oils as insec- 
ticide.s and disinfectants. To obtain tar oil from hardwood tar it is dis¬ 
tilled in a wrought or cast-iron vessel, sometimes provided with a stirrer, 
with concave bottom. The still is set in a brick furnace. The general 
shape of the still may be similar to a turpentine still, Fig. 336, or the still 
may be a horizontal cylinder. The still is heated slowly and the distillate 
collected until the specific gravity of the tar oil reaches about 0.98 when 
the receiver is changed. Some of tlie oils present in the tar distill unchanged 
while the heavier products arc broken up to a greater or lesser degree, 
fonning coke and gas. Following the light oils, a heavy oil comes over, 
having a specific gravity of upwards of 1.01 and of a yellowish green color. 

The distillation is sometimes carried on until 
nothing but coke is left in the still, but it is 
usually better to stop with the production of 
pitch which can be drawn out hot from the 
still. This is run out on iron plates to cool, 
care being taken to prevent ignition. The 
condensate is sometimes divided according to 
the temperature of distillation, the light oils 
being collected up to 240® C. and the heavy 
oils between 240 and 290® C. These oils are 
again redistilled, and the heavy oil fractions 
combined. The heavy oil contains most of the creosote, which is ex¬ 
tracted from the heavy oil by means of caustic lye of about 1.2 sp.gr. 
The hydrocarbons are boiled out and the creosote separated by neutraliz¬ 
ing with sulphuric acid. The treatment is repeated and the final creosote 
distilled, the product coming over between 200 and 220® C. being called 
commercial wood creosote. Further to purify it, it is oxidized with a 
mixture of dichromate of potassium and sulphuric acid and again 
distilled. 

Acetic Acid. This acid is now economically prepared directly from 
wood vinegar, by the Suida Extraction Process. It is also prepared by the 
decomposition of some acetate by means of a mineral acid. Acetic acid 
is also prepared S5mthetically from calcium carbide. 

Although formerly hydrochloric acid was extensively used for this 
purpose, owing to the disadvantages of using sulphuric, at present sul¬ 
phuric acid is used. Sulphuric acid with acetate of lime leaves a residue 
of gypsum which is a poor conductor of heat and very insoluble in water. 
The gypsum also retains considerable acetic acid at moderate heats. To 
gain all the acid it was necessary to use a high temperature in a fire-heated 



Fio. 330.—Turpentine and Tar 

Still. 
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still. This caused decomposition of the sulphuric acid and distilled part 
of the tarrj' substances. 

To overcome these difliciilties the gray acetate of lime is place<l in a 
shallow cast-iron still heated by moans of high-pre.ssure steam. 'I'Ih^ still 
is supplied with scrapers and stirr(*rs. A vactium is maintained toward 
the end of the operation atul thus the acetic acid is removed at a lower 
temperature. If properly worketl such a still will make a yellow acid 
showing as much as 80 per cent total acid. 

The acid is not pure. Further distillation in a simple still improve.*; it. 
For the manufacture of strongi'r aiul better acid, the distillalioti is carri(‘d 
on in column stills. The first nmnings will be weakly acid, containing 
acetic, propionic and butyric acids. A mid<llo fraction will yield 99 per 
cent acetic acid with a melting-point of 14 to 16° C. 

To pass the phannaceutical test it is nccessarj' to adtl potassium per¬ 
manganate to the glacial acetic acid and again distill. The permanganate 
oxidizes ernpyreumatic substances and also any sulphurous acid that may 
be present. 

Glacial acetic acid can be prepared by distilling 12 part-s by weight, of 
pure anhydrous sodium acetate with 11 parts of concentnited .sulphuric 
acid in cast-iron stills provided with stirrers and scrapers and preferably 
under a vacuum. 

Glacial acetic acid is best made by redistilling the acid matle by the 
decomposition of acetate of lime. If a continuous still be used, the glacial 
acetic acid is taken off at the bottom and a weak acid at the top of the still. 

To remove the heavy impurities, the glacial acetic acid i.s given a dis¬ 
tillation in a simple still, the acid distilling over and leaving the heavy 
organic impurities behind. Permanganate of potash is often adiled at this 
stage of the manufacture in order to remove ernpyreumatic substances. 
The middle portions of the distillate are pure glacial acetic acid. 

Acetone. On a commercial scale, acetone i.s ma<le by the dry distil¬ 
lation of gray acetate of lime at 290 to 400° C. in retorts which are con¬ 
nected with a cooling apparatus. These retorts may be fitted with shelves 
or may be of cast iron and provided with scrapers and stirrers. When 
brown acetate i.s used it is previously roasted at 230° C. The first run¬ 
nings are weak in acetone but the percentage increases with the tempera¬ 
ture. The distillate separates into two layers, the "heavy acetone oils" 
on top and the lighter oils dissolved in water on the bottom. The jdeld 
is about 20 per cent of the calcium acetate. The crude acetone is treated 
with a small quantity of caustic alkali or sulphuric acid or both and dis¬ 
tilled in column stills in a similar manner to wood alcohol, a nearly pure 
product being obtained. 

The nearly pure acetone can be purified by treatment with sodium 
bisulphite and crystallizing the compound formed. 

Acetone is now made in quantity from calcium carbide, using acety¬ 
lene as the product to be converted to acetone. 
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It might bo well to point out that whereas formerly much wood was 
distilled for tlio sake of tlio so-called “by-products,” acetate of lime and 
wood alcohol, the charcoal being disposed of for what it would bring, the 
recent severe competition of s>Tithetic acetic acid on the one hand and 
synthetic iru'thanol on tlie other have so depressed the market prices of 
acetate of lime and wood alcohol that today the distillation of wood is 
justified only where a sufficient demand exists for charcoal so that the 
ndurn receivetl from its sale will largely carrj'^ the processing costs. 

The Distillation of Resinous Woods. The distillation of resinous wood 
requires retorts varying in size and shape with the methods of operating 
and the products souglit. The chief commercial products obtained by the 
distillation of resinous wood are turpentine, pine oil, tar and charcoal. 

The yield of pyroligneous acid is less than with hard woods and the 
acid contains a lower percentage of alcohol and acetic acid. On this account 
the pyroligneous acid obtained from resinous wood is not usually saved. 
It is worketl up by one concern only and this mostly for the wood alcohol. 

Tliere arc several methods of treating resinous wood to obtain the 
various products. Among those in use are the following: 1. Destructive 
distillation, with or without the use of steam. 2. Steam distillation. 3. 

h^xtraction by means of volatile solvents, known as the steam-solvent 
process. 

All these processes aim to obtain the oils and resins contained in the 
wood. The turpentine is present in the wood as such. The resin is obtained 
either as rosin (colophony) or as tar and tar oils. The destructive distilla¬ 
tion processes aim to obtain the resinous material as tar and tar oil while 
the other processes arc intended to obtain the rosin as such. 

The destructive distillation of resinous wood is carried on in a very 
similar manner to the treatment of hard wood. So far, both horizontal 
and vertical rctort-s have been used, varying in cubic capacity from f to 
10 cords. Various-shaped retorts have been used, and points of advantage 
claimed for each one. In addition to the regular steel retorts previously 
described, concrete retorts heated on the inside by means of cast-iron flues 
have been tried, some, holding 10 to 11 cords having been successfully 
operated for a number of years. 

At present time there is a diversity of opinion as to the best way to 
destructively distill resinous wood. Some prefer a reasonably small retort 
heated slowly so that the resin will melt and run out at the bottom, any 
oil vapors coming off at the same time, being passed through a condenser. 
In such outfits, the ratio of oils and tars varies according to the size and 
shape of the retort, the method of applying the heat and the time of dis¬ 
tillation. With some operations the product will run fifty-fifty, sixty and 
forty and forty-sixty of oils. 

Others prefer a small retort, with a distilling period of twenty-four 
hours or less, with no provision for collecting tar from the bottom. In such 
cases, the tar distills from the bottom of the retort through the condenser, 
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leaving a tar-coke behind. Such a plant i.« .shown in Fig. 337. Then tliore 
arc those who prefer the large retort, using oars of wood on the in.^iile, with 
a distilling period of approximately thirty Itours. Using such retorts it is 
possible to make a cut in condensed pnaluets. Tlie liquid portion on the 
bottom of the retort is usually black and when cool forms a j)itcii which 
may be hard or soft. 

All make charcoal and gas. 

Some retort.s make better charcoal with le.ss brand.s and some retort 
systems break down the ro.sin more completelj' than others. 
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Fjo. 337.—Plan of Complete FJanf for DiNtillatioii of Resinous Wood. 


To distill resinous wood there are a number of it^ms to be taken into 
consideration which affect the type of retort to Vic cho.sen. It is desirable 
that the turpentine shall be taken off as uncontaminatod as possible. The 
tar produced should have a good color and the cost of fuel should be con¬ 
sidered. The action of the furnace gases upon the shell of the retort is very 
destructive, so consideration must be given to this fact. 

Wood is a poor conductor of heat and it is practically impossible to 
distill it in blocks, so that all parts will be distilling the same products at 
one time. 
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On account, of all these items, it is advisable to know in advance of 
constructioji what particular results are desired before selecting the type 
of retort to be used. 

There are reasons for these varied practices, based partly upon selling 
requiretnents and partly on operating conditions. 

Some of the reasons given by those who use a f cord retort are that it 
is more easily heated within a given time than a larger one, consequently 
the retort wear is not so great as in larger retorts. Also, the charcoal is 
supposed to contain less brands, on account of less area of the retort being 
exposed to the air. On the other hand, those who use a larger retort 
(twice as large) state that the retorts and furnaces cost less per cord to 
construct, so that the wear and tear is no greater than for the smaller 
retorts. The labor cost of handling is enough lower more than to offset 
any possible extra cost for depreciation as compared with smaller 
retorts. 

Those who use the very large retorts with auxiliary equipment, claim 
a saving in the cost of both fuel and labor. 

The use of internal flues is mainly to prevent the action of the furnace 
gases on the retort shell. There is also a saving in furnace construction. 
On account of the smaller heating surface, the temperature in the flue 
must be higher than that in the flue of the other type of construction when 
the retort is heated from the outside of the shell. It is possible that flue 
expense and delays may prove as great as the expense attached for this 
reason to the other type of retort. 

The considerations for using a vertical retort seem to be the possibilities 
of making with less expense a better quality of products, particularly tar. 
If the tar comes out at the bottom as is usually the case, it does not have 
to come into contact with the hot retort shell. When using vertical retorts, 
the custom is to draw off the tar from the bottom and to fractionate the 
vapors by making cuts at the tail pipe of the condenser. 

As there are successful companies using different types of retorts, it is 
evident that business considerations are more responsible for success than 
types of process. 

It is not surprising that with such diversity of operation, there is noth¬ 
ing standard in the industry. It is possible to make products that have 
certain properties and a few plants have endeavored to do so. 

Kiln tar made in pits seems to have a readier sale at a higher price than 
retort or distilled tar. The small retort heated slowly makes a tar that 
approaches kiln tar in color and other properties and it is for this reason 
that some prefer this equipment. 

The small iron retort heated by internal flues has proven to be a failure, 
partly from poor construction and partly from lack of heating surface. 
These are the so-called portable retorts.” 

An attempt is being made to use a semi-portable outfit, heated from the 
bottom only. This type is shown in Fig. 338. By curving the bottom as 



THE DESTRUCTIVE DISTILLATION* OF WOOD 


909 


shown, the heat is confined without brickwork and at the same time the 


heating surface is greater than when intein.-d Hues are used. It lias not yet 
been demonstrated as to the (juality of the tar produced. 

ith all types of equipment, the distillation is accompanied by phe¬ 
nomena similar to those occurring with hardwood distillation. Upon the 
application of heat, the water in the wood distills accompanied by some 
of the turpentine and other oils present in the wood. As the temperature 
increases, some rosin distills over with the oils particuiarlj' if steam is still 
present. After most of the water has been e.vpelled, the wood fiber begins 
to break down, similar to the action with hardwood, similar products being 
produced. Pyroligneous acid is found in the distillate, with oil and rosin 
solution floating on the top. As the distillation continues, gas is formed 
and the rosin begin.s to break down. 'I'he oils collected up to this point arc 
sometimes called “sweet crude” and collected separately. The remainder 
of the distillate is called “d(^ 
structive cnide.” This contains 
the remainder of the pyroligneous 
acid and wood oils from the dis¬ 
tillation of the wood as well as 
the rosin oils from the distillation 
of the rosin. 

If the tar is not drawn off at 
the bottom, the rosin, creosote 
and oiLs contained therein distill, 
the tar becomes darker and darker 
until it becomes pitch. If the 
pitch is not draw'n off, the dis¬ 
tillation continues and the pitch 
is converted into coke. The 
residue from the distillation re¬ 



mains in the retort os charcoal 


Fio. 338.—Steel Retort. 


and tar coke. Gas is formed as 


in the distillation of hardwood. Overheating causes more gas to form, 
with accompanying loss of oils. The gas after passing the condenser, 
often contains a light oil, which is sometimes scrubbed out. In large 
plants, the gas is piped to the boilers or retorts and used for fuel, whereas 
in the small plants it is often allowed to escape to the air. 

The condensed oils and acid have a gravity lying close to one another. 
When warm, it is usually possible to separate by gravity. Upon long stand¬ 
ing the oils will come to the top. Separation is then readily effected. When 
emulsions are formed separation is difficult. In those cases where the tar 
is drawn off at the bottom of the retort during distillation, the tar usually 
contains a large amount of acid water. This acid water often separates 
in part by gravity, but its complete removal is very difficult. By steaming 
slowly to avoid too much frothing, the water con be entirely removed. 
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All these operations should be done in wooden, copper, or cement, lined 
vcss;els, when acid is present. 

The refining of destructive oils is a variable operation on account of the 
diversity of methods of production. At those plants where tar and oil arc 
all distilled and collected together, the resulting cnidc oils usually float on 
the surface of the p\Toligneous aciil. This crude can be sold as such for 
flotation purpose.s and has proven to be a very satisfactory product for 
the purpose. It has been called by various names, but, at present, the 
tendency is to call it “crude oil of pine wood, or total crude.” 

This crude oil contains light oils from the wood and rosin, the turpen¬ 
tine and pine oils, tlie creosote and tar oils and the rosin oils and tar. It is 
customary to remove the light oils, turpentine and pine oils by a rough 
separation in a steam-heated still, a live steam jet being used in conjunction 
with a coil. The light oils are collected separately. The residue left is 
called “ crude tar oil.” This is removed to a still heated by direct fire and 
the creosote and refined tar oils removed. The tar remaining in the still is 
known to the trade as “retort tar.” The whole separation is sometimes 
done in a fire still. 

The light oils are redistilled once and the distilled oil sold as solvent 
oil under various trade names. The crude turpentine and pine oil fraction 
is treated in a mixer with small quantities of concentrated sulphuric acid, 
then removed to a steam still and distilled over caustic soda solution. Frac¬ 
tions are taken off and collected separately. The turpentine and also the 
pine oil are distilled a second time over caustic soda solution and the 
refined oil collected within the limits of purity desired. 

The residues from the stills are often neutralized with p 3 nroligneous 
acid and the .soda creosote recovered sold as a flotation oil. 

Most of the steam stills are supplied with some form of fractionating 
device, which makes it possible to make a closer separation than in a 
simple still. 

Where the distillate from the retort is divided into “sweet crude ” and 
“destructive crude,” the destructive crude is treated as above, whereas, 
the “sweet crude ” does not need the treatment with acid. 

Products. The refined products of the distillation of resinous woods 
are light oils, turpentine, heavy turpentine, pine oil, tar oil and pine tar. 
Charcoal is the residue. 

Light Oils, These light oils are known by various trade names, such 
as akrol, X oil, solventine, solvent oil and the like. Sometimes it is redis¬ 
tilled several times. It is then known as XX or XXX oil according to the 
number of distillations. 

The refined oil should be a lemon yellow color, with a disfiinctive odor 
and a gravity of 0.862 or lighter. 

Destructively Distilled Turpentine. This is not the same as gum tur¬ 
pentine or even steam-distilled turpentine, although it has many of the 
properties of both- The following specifications have been suggested. 
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Appearance: The turpentine shall be clear and free from suspended 
matter or free water. 

Color: The turpentine shall be colorless or ver>' slightly yellowi.sh. 

Specific Gravity: The specific gravity at 15.5® (1 shall not be less than 
0.862 or more than 0.S67. 

Refractive Index: Shall not be less than 1.4G8 or more than 1.483 at 
15.5® C. 

Odor: The turpentine shall be free from sharp penetrating odor. 

Polymerization: The pol^mierization residue shall not exceed 2.5 per 
cent when detennined with 38 N Sulphuric Acid (as given in Navy Speci¬ 
fications). 

Initial Boiling Point: The initial boiling point shall not be le.ss than 
143° or more than 100® C. 

Distillation: At lea.st 85 per cent shall distill over below 180° C., when 
100 cc. arc distilled in an Engler flask, fitted with thermometer whose 
bulb is opposite the side tube of the fla.sk, and tlie Ijeat applied in such a 
way that the thermometer is not influenced by the source of heat. 

Flash Point: The flash point shall not be below 32° C. when testing in 
closed cup tester. 

For closer specifications the Navy Specifications for steam-distilled 
turpentine are to be recommended. 

Tar Oils. There are a number of oils that go by the name of tar oil 
and pine tar oil. Genuine tar oil is a redistilled product, not often made. 
The total crude coming from the condensers is often calk'd tar oil. Some¬ 
times, the name is applied to a fraction of this distillate. Then a mixture 
of pine tar and lighter oils is sometimes called tar oil. Probably, a product 
intermediate l>etween the light oils and pine tar should be called tar oil. 

The Navy Specifications for Pine Tar Oil are as follow.s: 

Quality: Pine-tar oil shall be a properly prepared distillate from 
straight pine tar (which latter shall have been obtained by destructive 
distillation of wood, preferably of the tree Pinus pa/a.v/rf.v); its specific 
gravity shall be not more than 1.07 nor le.ss than 1.02 at a temperature of 
60® F.; it shall be free from adulteration by any mineral oil, coal tar deriva¬ 
tives, heavy asphaltic oils, or any substance not a normal product from 
the distillation of pine wood. 

Color Tests: When 10 cc. of pine-tar oil is mixe<l with 200 cc. of ethyl 
alcohol of 0.818 sp. gr. the mixture must have a clear amber color and must 
not show brown flocculcnt matter of any insoluble substances. 

Distillation Test: One hundred cc. of pine-tar oil when subjected to 
distillation in the standard Kngler distilling flask must yield at least 80 
per cent of distillate when the thermometer registers 700° F. 

Test For Free Water: The amount of free water shall be determined 
by distillation process, and the amount shall not exceed 2 per cent by 
weight. 

Neutralization Test: Ten c.c. of the pine-tar oil when mixed with 200 
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c.c. OT distillocl wator and phcnolphthaloin indicator added must not 
rotiuiro more t han 20 c.c. of half-normal caustic soda to affect neutralization. 

Retort Tar. Pine tar made in retorts is called Ketort Tar. If drawn 
off the bottom of the retort, it is sometimes called a heavy tar. The tar 
which is distilled over from the retorts is mixed with the lighter oils. If 
these lighter oils are distilled from the mixture, the residue is pine tar. If 
the distillation is continuetl, the tar can be distilled down to pitch or coke, 
depending upon the amount of oil removed. 

Ketort tar is in much demand by rubber manufacturers. Some rubber 
tar specifications arc given below. 

Odor: Shall have characteristic Pine Tar odor. 

Water-Acetic Acid: Shall not contain more than 2 per cent. 

Benzol Solubility: Shall contain not more than \ per cent of material 
insoluble in benzol. 

Ash: Shall contain not more than | per cent of ash. 

Viscosity: Shall have a viscosity similar to a heavy cylinder oil (600 W) 
— 5-10 minutes 100 rev. at 30® C., Stormer’s viscosimeter. 

Kosin: Shall not contain over 30 per cent rosin. 

Purity: Must be entirely pine wood product, clean and free from other 
oils and impurities. 

For Heavy Tar; 

Flash Test. 120® C. minimum 

Fire Test. 135® C. ” 

Viscosity. Heavy 

Specific Gravity. 1.07—1.08 

Moisture. Undesirable 

Manufacture. Retort only 


One company gives the following characteristics for a number of its 
products. 


Product 

Sp. Gr. 

Dist. 

Range 

Ref. Index 

Vise. 

Non-Poly. 

Total crude. 

1.019 

70-345 

1.525 

2.9 

4% 

Crude pine oil. 

.911 

70-232 

1.489 

1.1 

8% 

Ref. pine oil. 

.910 

180-220 




Crude wood turpentine. .. , 

.887 

65-217 

1.456 

.9 

10-12% 

Refined wood turpentine... 

.865-7 

140-180 




Heavy pine-tar oil. 

1.063 

166-350 

1.557 


41% 

Commercial pine-tar oil. . . 

1.04 

180-360 



Light solvent oils. 

.862 

60-190 



8% 

Refined tar oil. 






Refined wood creosote oil.. 

.965 

105-276 

1.5096 

1.7 

7-8% 

Soda creosote oil. 

1.025 

190-360 

1.4977 

2.9 


Retort pine tar. 

1.065 

207-360 
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The Steam Proces:s. To extract the turpentine, wliioli is already present 
in the wood, it is only necessixry to employ sucli aRents as will volatilize it. 
A mixture of turpentine and water hoil.s at 95* so if .steam be passe<l 
through chipped wood in a suitable retort and the temp(>rature maintained 
above 95® C., a mixture of oil and water vapor will <listill and can be con¬ 
densed in the ordi¬ 
nary manner, d'hi.s 
is an old method of 
distilling finely di¬ 
vided wood that has 
been given much at¬ 
tention. Much in¬ 
genuity has been 
u.sed to devLse suit¬ 
able mechanical ar¬ 
rangements for car¬ 
rying on the process 
successfully. The 
requirements arc a 
wood chipping and 
elevating system 
that will deliver the 
wood to the retorts; 
an easy method of 
di.scharge from the 
retorts, for the 
steamed wood; an<l 
the proper conveying 
machinery to remove 
the discharged chips 
to a bin or to the 
boilers. Consider¬ 
able steam is needed 
for this process. 

Usually, a verti¬ 
cally placed or slant¬ 
ing retort (see Figs. Fio. 339. 

339 and 340) is used 

with an opening on top for the entrance of the wood, and with a large 
discharging device at the bottom. Various forms of rotating retorts are 
also used. The retorts are connected to suitable condensers. 

The resinous wood is hogged, then elevated by means of a conveyor to 
the retorts or to a bin above the retorts- The retort is filled nearly full of 
wood and the opening at the top closed. Steam is allowed to enter and 
when the retort becomes warm enough the steam and oil vapors are led 
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off to tho conclcn.eor. A pressure of from 5 to 50 lbs. is generally maintained, 
so as to force tho steam into contact with all parts of the wood. As the 
temperature i.s not higli enough to affect the wood fiber, this process pre¬ 
sents one of the best methods for obtaining a clear white oil from the wood 
in a short time. If enough steam is used all the turpentine can be extracted 
in less tlian one hour. The commercial importance of the process seems 
doulitftil, as the yield is not .sufficient to pay for the increased cost neces¬ 
sary to obtain selected wood. Where a market can be obtained for the chips 
the proce.ss can be operatetl to advantage. However, the resin is lost and 
a process is desirable in which the resin can be extracted with the turpentine. 

The criule oil obtuineil from the wood is refined in a steam still and the 
turpentine separated from the pine oil. See Fig. 336. Often these stills 
are supplied with a short column. 

The colorless portion of the distillate which comes over first is collected 
in a tank until a test of an average sample shows the particular properties 

desired. The changing 
point is often determined 
by the gravity of the dis¬ 
tillate. It can also be 
determined sometimes by 
noting the relative amount 
of water to oil in the distil¬ 
late and changing the re¬ 
ceiver at a predetermined 
ratio. The distillate is 
often divided into three 
portions, the first fraction 
consisting of light oils, cor¬ 
responding to turpentine, 
the second fraction being 
a mixture of turpentine and light pine oils and the third fraction being 
the very heavy pine oils. The middle fraction is redistilled and yields 
an additional amount of turpentine, the heavy oil remaining behind, 
or being distilled over at a higher temperature. This heavy oil should 
not be mixed with the turpentine as it does not dry readily. Sometimes 
the turpentine is distilled over caustic soda solution, but this is not usually 
necessary with steam-distilled turpentine. 

The pine oils are sometimes divided into two grades, water white and 
yellow. The heavier grades ranging from 0.930 to 0.940 sp. gr. seem to be 
satisfactory. They are used in medicine, perfumes and solvents. Terpineol 
is one of the chief ingredients. 

During the digesting process, while making paper from yellow pine 
by the soda process, the turpentine from the blow-off at the top is con¬ 
densed and recovered very economically. The product is not as good as 
w’hen made by the steam process direct, the pressure being too high. With 



Fio. 340.—Slanting Retort for Turpentine. 
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the sulphate process, the turpentine is badly contaminated and it is only 
recently that the oil has been purified. The oil from the sulpliite process 
is mostly para C 3 anene. 

Extraction Fh'ocesses. Of all the proposed nietliods for producing 
valuable products from resinous wood, the extraction processe.s seem to 
promise the be.st utilization of raw material. The oleo-resins contained in 
resinous pine and fir wood seem to consist of light oils, heav 3 ' oils and 
resins. The light oils correspond clo.sely with turpentine, the heavier oils 
or pine oils seem to be oxidation products, chiefl}* terpineol, an<l the resin 
mostly colophony. The pre.sence of small quantities of other products 
has a marked effect upon the physical properties of the chief ingrcdient.s, 
particularly the odor. At the present time the oleo-resins .seem to be the 
most valuable products of the extremely’ resinous woods, although pulp 
and paper arc being made from the les.s resinous wood. 

So far the steam proce.ss has been consi<lered the best method for 
extracting the light oils and part of the pine oils. By the destnictiye 
proces.s, the remaining heavj* oils and resins are converted into tar and 
tar oil.s, but usually these re.sins are of more value in the birin coloplion>'. 

There liave been several proce.sses advance<l to extract the rosin, var 3 '- 
ing from one another in some details, but all based on the solvent power of 
some alkali or volatile oil. The alkali i)roce.ss consists in di.ssolving the 
resin in soda soluti{)n and neutralizing the solution with acid to regain the 
rosin. This wa.s tried on a seini-coinnjcrcial scale but abandoned in favor 
of the volatile solvent process. When solutions of alkali are used a sub¬ 
stance called “humus” is extracted with the resin. It i.s onl.v roccntlj' 
that a method has been found of separating this from the rosin. 

The extraction with volatile solvents ha.s l)een carried out on a large 
scale by several compnnie.s and on a smaller scale by other companies. I'liis 
process consists in grinding the wood, steaming out the turpentine, and 
extracting the remaining pine oil and resin with a neutral volatile hj'dro- 
carbon such as gasoline. The solvent solution is di.stilled usually under a 
vacuum by indirect steam heat to remove the light oils, followed hy live 
steam to remove the heavy mineml oils and pine oils, a comparatively 
liigh temperature being maintained by steam in a clo.sed coil. All the 
solvent is not recovered, the loss being one of the chief items of expense 
attending the operation. 

The method of extracting with volatile solvents has been known for a 
long time, but the low price of rosin prevented its successful application. 

For a few years the price of rosin was so high that the successful devel¬ 
opment of the process became a commercial fact, but a slump in value of 
the rosin and turpentine produced caused at one time most, if not all, the 
plants to close down. With the increase in value of these products most 
of these plants have resumed operations. 

There has been suggested as an improvement in the alkali process, the 
use of ammonia as a solvent. The rosin is dissolved from the wood as 
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with other alkali, in the form of a resinate. It is claimed that by simple 
heating without the use of acids, the ammonia is distilled, leaving the 
rosin and “humus ” behind. The rosin is dissolved in gasoline, in which 
the humus is insoluble. It is claimed that there is no loss of gasoline, 
llosin of good quality can also be steam-distilled direct from the wood 
when tlie heat is properly controlled. 

The turpentine and pine oil matle by the extraction process is the same 
as that from the steam process and is made in the same way. A pine oil 
nnxed with gasoline is sometimes made also. The rosin from the various 
plants is of variable quality. The color corresponds with the gum grades 
E-F. It is graded under the law, however, as F. F. Water-white rosin can 
be made from this grade bj' redistillation of the rosin in a vacuum, or with 
steam at a high temperature. So far, the cost of the operation has hindered 
the extension of the practice. The color can also be removed by the 
selective action of solvents. A rosin-gasoline mi.xture combined with fur- 
furol can be arranged to separate into two layers. The coloring matter 
and a little rosin separate in the lower layer. If perfectly white, the upper 
layer of gasoline contains light^colored rosin. The solvent being distilled 
off in the usual manner leaves the rosin. 

The operation of a steam and solvent plant consists in grinding the 
wood by means of a hog and shredder until it is in a fine granular condition 
with as little dust a.s possible. The comminuted wood is conveyed to a 
series of extractors capable of withstanding pressure. In these it is first 
steamed under pressure to remove the turpentine and part of the pine oil. 
Pressure is ncce.ssary in order that the live steam and heat may penetrate 
the mass of the wood. Some plants use as high as 60 lbs. gauge pressure. 

After removing the oils and reducing the pressure below atmospheric, 
solvent is pumped into the extractors to dissolve the rosin and remove 
the remaining pine oil. This solvent solution is strengthened in rosin con¬ 
tent by sending it in scries through a number of extractors. In this system 
the nearly exhausted wood is brought into contact with fresh solvent, which 
extracts a large part of the remaining rosin. 

The rosin solution from the extractor containing the strongest solution 
is pumped to the washers. The weakest solution is pumped from one 
extractor to the next. The washed wood is allowed to drain and the drain¬ 
ings pumped out. 

To recover the solvent from the wood, a similar operation is required 
as for turpentine—that of heating and steaming with live steam. At first, 
but little steam is required owing to the large quantity of light solvent 
remaining in the wood. To remove the heavier portion, pressure and pro¬ 
longed steaming are required, to prevent excessive loss of solvent by its 
remaining in the wood. This last operation is sometimes performed in 
rotating horizontal cylinders. By this means, the steam is prevented from 
following channels in the wood chips, as might happen with upright ex¬ 
tractors. 
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The hot rosin solution from flie extractors is pumped to a tank where 
it is cooled hy a water spray jetted into the oil. 'I'liis cools the solution 
and there is thus precipitated an impurity that would make the rosin of 
poor quality if it remained. 'I'his impurity' is .spoken of as “nifcre ” ami 
causes black streaks in the rosin. 


The equipment for recovering the solvent from the rosin is not the s:uno 
in all plants. There have been three distinct types used. One system is 
to use a horizontal evaporator to remove the light .solvent, followed by a 
double-coil .system with headers to remove the heavy solvent. 'I'lie tem¬ 
perature ill the last header i.s as high as K. The rosin is .‘^ometime.s 
fini.shed by passing the melted rosin <lown a hot-air shaft. 


A second method is to distill the ro.sin .solution in an ordinar>' upright 
still heated by a steam coil until the light oil is removed, then forcing the 
remaining solution to a similar still to be finished. A thinl system is to 
perform the entire operation in a vertical evaporator, feeding the light 
solution continuously until quite a lot of rosin has accumulated in the 
evaporator, then shutting off the feed liquor and removing the last portions 
of heavy oil by means of a high temiieraturc ami a steam jet, sometimes 
using a vacuum to facilitate the operation. 

It requires considerable steaming to make a wood rosin with a high 
melting point. The batch process is probably the best way to make a 
uniform grade. 

By freezing the rosin solution before distilling con.siderably more of 
the rosin impurities settle out than by using the water spray. The less of 
this impurity, the better the color of the rosin. 

Steam-Distilled Wood Turpentine. Turpentine produced by the 
above proce.ss closely reseinble.s gum turpentine, except for odor. The 
odor of gum turpentine is supposed to be due to an aUlchytle which hius no 
commercial value. The odor of steam-distilled wood turpentine is due to 
the different oils contained therein. 


Steam-distilled turpentine contains pinenc, both alpha and beta, also 
in much smaller quantities liinonene, dipcntiiic and some terpinene. Most 
of these can be produced from pinene. 

The Navy Specifications under wliich it is sold are as follows: 

Appearance: The turpentine shall be clear and free from suspended 
matter and water. 


Color: The color of the turpentine shall be such that a depth of not 
less than 50 min. shall approximately match a No. 1 Lovibond glass. This 
color is recognized as “standard “ in the naval stores trade, and shall be 
determined as follows: 

Method.—Fill a 200-mm., perfectly flat-bottom colorimetric tube, 
graduated in millimeters to a depth of from 40 to 50 mm. with the turpen¬ 
tine to be examined. Place the tube in a colorimeter and place on or under 
it a No. 2 yellow Lovibond glass. Over or under a second graduated tube 
in the colorimeter place a No. 1 yellow Lovibond gloss, and run in tho 
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same turpentine until the color matches as nearly as possible the color in 
the first tube. Read the difTerence in depth of the turpentine in the two 
tubes. If tliis difference is 50 mni. or more, the turpentine is “standard. 

Specific Gravitj': The specific gravity of the turpentine shall be not less 
than 0.S62 nor more than 0.872 at 15.5® C. 

Refractive Index: The refractive index shall be not less than 1.468 nor 
more than 1.478 at 15.5° C. 

Initial Boiling Point: The initial boiling point shall be not less than 
150 nor more than 160° C. 

Distillation: Ninety (90) per cent of the turpentine shall distill below 
170° C. 

Method.—Use an ordinary Engler flask and condenser, and heat the 
flask 1 ) 3 ' placing it in a gb'cerine or oil bath of the general type described 
in Bulletin No. 135, Bureau of Chemistry. Fit the flask with a thermom¬ 
eter reading from 145 to 200° C. in such a way that the mercury bulb shall 
be opposite the side tube of the flask and the 175° mark below the cork. 
Place 100 cc. of the turpentine to be examined in the flask, connect with 
the condenser, insert stopper bearing thermometer, heat the oil bath, and 
conduct the distillation so that the distillate passes over at the rate of two 
drops per second. Note the initial distilling temperature and the percentage 
distilling below 170° C. 

Polymerization: The pol 3 Tnerization residue shall not exceed two (2) 
per cent, and its refractive index at 15.5° shall be not less than 1.500. 

Method.—Place 20 cc. of exactly 38/N (100.92 per cent) sulphuric acid 
in a graduated narrow-necked Babcock flask, stoppered and place in ice 
water to cool. Add slowly 5 cc. of the turp>entine to be tested. Gradually 
and carefully mix the contents, cooling from time to time, and not allowing 
the temperature to rise above about 60° C. When the mixture no longer 
warms up on shaking, agitate thoroughly, and place the bottle in a water 
bath and heat from 60 to 65° C. for about 10 minutes, keeping the contents 
of the flask thoroughly mixed by vigorous shaking five or six times during the 
period. Do not stopper the flask after the turpentine has been added, as 
it might explode. Cool to room temperature, fill the flask with concen¬ 
trated sulphuric acid until the unpolymerized oil rises into the graduated 
neck. Centrifuge at about 1200 revolutions per minute from 4 to 5 min¬ 
utes, or allow to stand for 12 hours. Read unpol 3 Tnerized residue, notice 
its consistency and color, and determine its refractive index. 

Flash Point; The turpentine shall not flash below 34° C. when tested 
in an Abel’s closed tester. 

In some old specimens of pure wood turpentine, the poljmaerized resi¬ 
due will be greater than that above given. 

Pine Oil. This is a valuable oil that was discovered as one of the 
products of the distillation of resinous pine wood with steam. At first, no 
use was found for it, but gradually its intrinsic value became known and it 
has found many uses. 
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There are two or three grades made, depending upon the gravity and 
color. A hgljt pine oil has a specific gravity of 0.910-915, wliereas the 
regular grade should have gravity of nf)t less tlmn 0.930. 

A red pine oil is a pine oil made by distilling off the light fractions of the 
crude pine oil until the residue in the still is of the right specific gravity. 
The yellow pine oil is the steam di.stilletl variety. The white pine oil Ys 
the yellow variety distilled over caustic soda solution. 

The yellow variety comprises the bulk of the demand. Usually, only 
short specifications arc rotjuired, such as color, specific gravity and free 
water. 


For clo.se specifications, the following are often u.sed: 

Specific Gravity: From 0.933 to 0.935 at 15.5“ C’. 

Inde.x of Refraction: From 1.4798 to 1.4815 at 20® C. 

Boiling Point: From 190 to 195® C. 

DistiUation: Eighty-five to 90 per cent should distill l)etwoen 190 and 
218® C. 

Acidity: Ivcss than 0.1 per cent. 

Water Content: Ij to 2 per cent. 

Pol 3 ^norization: By the Navy test for turpentine with 38 N sulphuric 
acid, the residue shouhl be Ies.s than 5 per cent ami have a refractive index 
above 1.485. 

Soluble pine oil is a solution of pine oil in a special soap solution. Using 
freshly distilled pine oil and a recently made solution, the phenol coefficient 
(action on bacilli as compared with phenol) is around 5. It quickly loses 
this value and becomes less effective. 

Pine oil containing, asjt does, an alcohol of the terpene type, has a 
tendency to neutralize the effect of carbolic acid on tlio skin. 

Steam distilled pine oil is considered the host flotation agent in the 
recovery of some metals from their low grade ores. 

Wood Rosin. Although wood rosin closely resembles gum rosin, it has 
different characteristics. 

Ordinary FF wood rosin when powdered has a yellowish cast whereas 
powdered gum rosin of any grade shows white. The purer the wood rosin 
the less this yellow shows, hut even a refined grade still shows a slight 
yellow. ThLs same characteristic al.so shows up in making rosin size. 

Most grades of wood rosin have a larger percentage of resene, jus the 
non-saponifiable matter is called. The amount of this varies with the 
hardness of the wood rosin. If the ro.sin is steamed long enough when 
finishing, considerable of this unsaponifiable material is removed. 

Wood rosin seems to have a tendency to form crystals which make it 
opaque. This may be due to a Jess soluble form of abiotic acid or because 
too much solvent has been removed. As this kind of rosin is harder than 

the clear rosm the lack of solvent may account for the crystallization. A 
trace of water often will cause it. 

By the capillaiy method, the melting point or softening point of wood 
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rosin ranges from 53 to 55® C., whereas, gum rosins vary from 50 to 
70® C. A strongly crystallized wood rosin showed a melting point 
of 75® C. 

In addition to color and hardness, the acid number and saponification 
number are two important chemical tests. Wood rosin has an acid value 
of about 152 and gum rosin around 162. This represents the free acid in 
alcoholic solution titrated against alcoholic potash. 

The saponification number is the actual number of milligrams of potas¬ 
sium hydrate that will combine with one gram of rosin when its alcoholic 
solution is boiled and refluxed. For wood rosin this ranges from 158 to 160, 
whereas for gum rosin, it ranges from 155 to 175. 

Wood rosin, although an amorphous solid, will dissolve linoxylin when 
melted with it. For this reason it is much used in the manufacture of 
linoleum. Even when in solution in oils, it will dissolve substances that are 
not soluble in the pure oil. 

On account of its physical and chemical properties, rosin is used in such 
industries as soap making, paper making, wax, varnishes and the like. 

Chemical Theory and Reactions Involved in the Distillation of Wood. 
Wood consists essentially of ligno-cellulose, with resins, sap and coloring 
matter. Green wood contains varying amounts of water up to about 50 
per cent by weight. Air dried wood contains about 20 per cent of moisture 
which can be eliminated by heat, but is reabsorbed by exposure to the air. 
Various chemicals affect cellulose, but it is usually a very resistive sub¬ 
stance. When burned, wood leaves an ash varying in amount with the 
kind of wood. Resinous woods contain in addition to the woody fiber, a 
large amount of resins and oils which can be extracted by solvents, leaving 
the fiber intact. The oil is chiefly pinene, the principal ingredient of tur¬ 
pentine, and the resin is chiefly colophony. 

Cellulose being a complex organic substance the chief influence of heat 
is naturally to decompose it into simpler compounds. From its composi¬ 
tion, it would be expected that by driving off the water, 44.45 parts by 
weight of charcoal would be obtained. It breaks down, however, into 
more complex substances than water and carbon. A relatively high tem¬ 
perature is needed to start the decomposition and the temperature must 
be continually increased during most of the distillation in order to continue 
the decomposition. 

Cellulose may be considered a hexahydric alcohol, Ci 2 Hi 4 O 4 (OH) 0 . 
When wood is distilled the reactions are similar to that when cellulose is 
distilled. Hardwood distillation products are probably due to the breaking 
down of the separate structures of cellulose and liquor. Part of the prod¬ 
ucts are formed during the early stages of the heating but the bulk of the 
reaction takes place during the exothermic period. On a commercial scale, 
this period may vary somewhat as to time in different parts of the retort. 
When a large part of the wood happens to decompose at the same time, the 
amount of vapors and gases becomes so large as to cause considerable 
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pre.^ure. The remainder of the distillation at a higher temperature pro¬ 
ceeds quietly. 

With resinous woods, after the removal of the water and volatile oils 
the wood decomposes in a manner similar to hardwood. During this period 
the rosin also decomposes into rosin oils. Although the exothermic reac¬ 
tion of pine wood is supposed to be greater than with hardwood, part of 
the heat is consumed in the distillation of the rosin oil. Resinous pine wood 
has been distilled on a large scale in such a manner that there is apparently 
no excessive pressure or temperature at any period of the distillation. From 
the yield of charcoal the final products of distillation might be written 

Ci2H20Ol0 = 8C + C 4 H 20 O 10 


100 = 29.6 + 70.4. 

C4H2 oO,o may be considered to have arranged itself in various ways 
in order to fonn the tar, acetic acid, methyl alcohol and gas. For examples 
of the po.ssible changes the following arc given: ‘ 

1. C4H20O10 = 2C2H4O2 ”1“ 6H2O. 

acKic acid water 

2 . C2H,02 = CH4O -h CO. 

acetic acid wood alcohol carbon monotido 

3. C2H402 = CH4 d- CO2. 

acetic acitj manh gaa carbon dioudo 

4. 2C2H4O2 = CaHtjO -H CO2 -f- H2O. 

acetic acid acetone carbon diusido water 

5 . 2(C.,H«0) = CV.HioO -b H2O. 

ace*torie mrtacclotic 

6. C2H4O2 + CO = C2H4O + CO2. 

occtie acid aldrbydo 

7. 2 CH 4 = C 2 H 2 “I" Ho* 

fnethano ac«^tylcno 

8. IOCH4 = Ci«H« + H32. 

naphtbalcAo 


The products of distillation seem to be water, fatty acids, hydrocarbons 
phenols, guaiacol, alcohols, aldehydes and ketones. The methyl group 
seems to predominate. The method of decomposition is difficult to deter¬ 
mine and at present the yields of the various substances are the only guide 
These vaiy much when the wood is heated rapidly and the influence of local 
heating is a disturbing factor. An increase of temperature inside of the 
retort over that in the furnace indicates that at one stage of the distillation 
at least, heat is evolved by the decomposition of the material inside of the 
retort. The analysU of the wood partly charred leads to the conclusion 

* Bmnnt, "Manufacture of Vinegar." 
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that while some of the acetic acid is coining off the decomposition takes 
place according to the following equation: 

(0,111005)2 = 2C4H(i03 + 2C2H.1O2. 

partly charrcii wood loss 

The gas formed at the same time comes from the acetic acid as in 2, 3, 4, 

6 and 7, and the excess water from the moisture still present in the wood. 

Ligno-cellulose seems to be homogeneous compound. The Ugnone 
has been given the formula CinH202«i. It acts like a ketone with a hexene 
constitution, being apparently an unsaturated compound. Ligno-celluosc 
seems to contain the meth-oxy group (O CH3) and a residue which is 
easily hydrolysed by both acids and alkalies to acetic acid. This acid 
amounts to 5 to 7 per cent of the ligno-cellulosc.^ 

hluch progress is being made toward the solution of the problem of 
determining the composition of wood. A method of analysis is being pre¬ 
pared by the Forest Service. 

When wood and most other cellulose materials are decomposed by heat, 
it seems impossible even by the use of great heat to drive off entirely the 
hydrogen and oxygen to produce pure carbon. 

The refined products are made in accordance with better known 
theories. The acetates are made according to the well-known formula: 

HOH + CH.iCOOH = CH3COOR + H2O. 

bA5c acetic acid acetato water 

The wood alcohol is refined when distilled, according to the theory 
pertaining to miscible liquids, which in the case of alcohol and water 
would be that the boiling point is higher than the temperature at which 
the sum of the maximum or saturation tensions of the two separate vapors 
is equal to the external pressure and that at any given stage of the dis¬ 
tillation, the alcohol is more abundant in the vapor than in the mixed 
liquids in the still. Thus the percentage of alcohol increases with repeated 
distillations, until constant boiling mixtures are obtained. 

The turpentine distills with steam according to the law of immiscible 
liquids, which states that distillation will take place at the temperature 
at which the sum of their vapor pressures is greater than that of air. The 
quantity of each liquid found in the distillate is proportional to the vapor 
density. With crude liquors, the temperature and proportions would be 
different because the impurities may or may not be immiscible with water 
and the system would be altered. 

The distillation of the other products such as wood oil from tar is 
similar to that of turpentine, but the system is composed of three sub¬ 
stances, tar and oil miscible with each other in nearly all proportions and 
water, which is not miscible with either the tar or the oil. 

» “CeUulose,” C. P. Cross. 
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Acetone is formed \iy the destructive distillation of acetate of lime 
(or other acetate) according to the formula 


(CH3-C0-0),.-Ca(CH:,C0-0).Ca = 2(CH3 -COCH3 ) + 2(CaOC(),). 


The destructive distillation of the tar presents more difficulties from 
a theoretical standpoint than that of wood. The suhstance.s constituting 
it are more varied and the reactions would be more complex. It might 
be possible that by di.stilling with steam and under a vacuum, these tar 
bodies might be di.stilled and separated without decompo.«ition. 



CHAPTER XXIX 


OILS, FATS AND WAXES 

CARLETON ELI.IS 
CmisuUing Chemist^ Montclair^ N* J* 


Classification of Fats. The term oil is used for substances differing 
widely both in composition and properties and in this chapter the fatly 
oils only will be considered. Fats and fatty oils consist essentially of 
compounds (esters) of the higher fatty acids in combination with glycerol 
and arc termed glycerides. Their composition was first placed on a scientific 
basis by Chevreul, who in the early part of the last century showed that 
when a fat, such as tallow or lard, was converted into soap by the action 
of sodium or potassium hydroxide, the fat was decomposed into glycerine 
and fatty acids, the latter combining with the alkali to form the soap, 
while the glycerine, remaining free, was separated in the lyes. The three 
most commonly occurring glycerides are stearin and palmitin (of which 
tallow chiefly consists) and olein (the principal constituent of olive oil). 
The conclusions of Chevreul as to the composition of fats were subsequently 
confirmed by Berthelot, who succeeded in producing the glycerides s 3 ti- 
thetically by heating the fatty acids with glycerine under pressure in sealed 
tubes. Heating together, for example, stearic acid and glycerine, he 
obtained stearin, according to the equation: 

3 C 18 H 35 O 2 H + C3H6(0H)3 = C3H6(Ci 8H3602)3 + SHaO. 

From their physical appearance it is not possible to give a definite 
classification, for what would be considered a solid fat in a temperate 
climate might be a liquid in a warmer locality. Roughly, however, we 
may class certain^ ones as liquid fats or oils, and others as solid fats, 
or fats. 

“The most convenient classification of fats (fatty oils and solid fats) 
for practical purposes, appears to be given by arranging them according 
to the magnitude of the iodine value. The iodine value is the quantity of 
iodine with which 100 parts of the substance will combine: it is a measure 
of unsaturation. This principle leads, without unduly forcing it, to a 
natural subdivision into liquid fats and solid fata, the former being dif¬ 
ferentiated from the latter by the considerably higher iodine value. Hence, 
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an arrangement based on the magnitude of the iodine value would incliide 
the older system of classification according to consistency. Inasmuch as 
the magnitude of the iodine value stands in close relationship to the 
absorption of oxj'gen, or, in other words, to the drydng power, classification 
on the iodine value would also include the older subdivision into drying 
and non-drying oils.” (Lewkowitsch.) 

Arranged in this manner arc the following subdivisions: 


I. Liquid Fats and Fatty Oils. 

A. Vegetable oils 

1. Dr>'ing oils 

2. Semi-dr>'ing oils 

3. Non-<lrying oils 

II, Solid Fats. 

A. Vegetable fats 


B. Animal oils 

1 . Marine animal oils 
(rt) Fish oils 

(^)) Liver oils 
(c) Blubber oils 

2 . ^'errestrial animal oils 


B. Animal fats 

1. Drying fats 

2 . Non-drying fats 


Classification of Waxes. Our comprehension of the generic term 
“wax ” is based in considerable measure on the physical characteristics of 
the oldest known wax; namely, common beeswax. It has been suggested 
that the term wax is defined as applied to more or less unctuous, fusible, 
variably viscous to solid substances, having a characteristic “waxy ” 
lustre, which are insoluble in water but usually soluble in carbon disul¬ 
phide, benzol, etc., and which are extremely sensitive to changes in tem¬ 
perature and whose origin, composition and color are variable. 

Thus under this definition are included the class of waxy bodies which 
consist of mono- or dihydric alcohols united with the higher fatty acids 
to form esters (beeswax, camauba wax, etc.), as well as glycerides of a 
“waxy” appearance, such for example as Japan wax; and the hydro¬ 
carbon waxes paraffin, ceresin, ozocerite and the like. 

Waxes may be grouped as follows: 

A. Liquid waxes B. Solid waxes 

1 . V'egetable waxes 

2. Animal waxes 


Constitution of the Fats. The fats, as stated, are compounds of fatty 
acids with glycerol (glycerin). The fatty acids occurring in the more com¬ 
mon oils, together with a few of their constants are listed in the Table. 
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Satvrated Acids, C„H:„+iCOOH 


Acid 

1 

1 

Formula 

DcRrocs C. 
Sp. Gr. 

Melting 

Point 

, Degrees C. 

Ref. Index 
Degrees C. 

liufvric. . . 

• 

aH7COOH 

20 

0 959 

-0.5 

1.3990 at 20 

Isovaleric. 

CdIvCOOH 

20 

0 931 

-51 


Cajiroic. 

C,H,,COOH 

20 

0.924 

1 

-8 

1.4103 at 20 

Caprvlic. 

CtHi^COOH 

20 

0.910 

10 5 

1.4282 at 20 

Cnprio. 

C,H,,COOH 

40 

0.8858 

31.4 

1.4285 at 40 

Laurie. 

CnHj,COOH ! 

20 

0 883 

43 6 

1.4200 at 40 

Mvristir. 

CnH.TCOOH 

00 1 

0.8584 

53.8 

1.4307 at 00 

Palmitic. 

CulI.iCOOH 

00 

0.8527 

62.0 

1.4209 at 80 

Sipiiric. 

C„H,-,iCOOH 

80 

0.8386 

69.3 

1.4300 at 80 

Anichidic. 

C„IL,COOH 



77.0 


Ccro(ic. 

C^JImCOOH 

79 

0.8359 

78.0 



Unsatcrated Acids, C„ITin_iCOOH 


Tiglir. 

C^HtCOOH 

« 4 » 4 

0.9641 

04.5 ’ 


Oleir. 

C,7H»C00H 

.... 

0.898 

14 0 

1.4003 

Erucio. 

C^.ILjCOOH 

4 » e ♦ 


34.0 



Other Unsaturated Acids 


Linoleie. 

El:t^)m}irirarir. 

CuHnCOOH 

C.tHj.COOH 

C.,H«COOH 

C,7lI„OHCOOH 

C,7H-7C00H 

14 

0.9206 

43-44“ 


Linolenic. 

Ricinolcic. 

Clupanodonic. 

• ^ ^ ^ 

15.5 

0.9228 

0 9509 

4 



Cyclic Acids 

Tlirsc nrids nrc intcrcstinR because their esters are used in the treatment of leprosy. 


Hydnocarpic. 

<;^(CHa)ioCOOH 


59-60 

Chuulmoogric. 



68 


The fatty acids are all lighter in weight than water. Those having less 
than ten carbon atoms may be distilled at atmospheric pressure, and are 
known as the volatile fatty acids. Those containing more than ten carbons 
cannot be thus distilled without decomposition and are known as non¬ 
volatile fatty acids. The oils containing the saturated acids do not undergo 
any marked change when exposed to the air. On the other hand, those 
which contain the unsaturated acids become gummy, and in certain 
instances when exposed in thin layers form dry, hard films. This change 
is called drying, and is most marked in the case of those oils containing 
glycerides of linoleic, linolenic, clupanodonic and elffiomargaric acids. 
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Glj'ccrol, being e trihydric alcohol, can combine with one, or two, or 
three monoba.sic acid radicals, forming monacid glycerides, diacid glycer¬ 
ides, triacid glycerides: these are commonly, but less accurately, named 
monoglycendcs, diglyceri<ies and triglycerides. resj)ectively. The tri¬ 
glycerides are the most important because the neutral fats are composed 

of them. The structural formulas of the three glycerides of stearic acid 
are given below. 


II 

M onostiarin. Cj 7 H 30 COO—C—H 

HO—C—11 
HO—C—H 

I 

H 

H 

Distearin. C’itH'i.iCOO—C—H 

Ci7H;(.-,COO—C—H 
HO—C—H 

I 

H 


H 

Triatearin . Ci 7 H;j.'.COO—C—H 

I 

C]7H;,r.COO—C—H 

Ci7H.,.'.cx)o— r—H 

I 

H 


It will be Been that not only i.s it possible to have compounds in which 
one acid enters into the combination, but also others, known as mixed 
glycerides, in which two or even three different acid radicals may be joined 
to one glycerol group. Such a mixed ester may be represented by a general 
formula, putting II ~ for a monobasic fatty acid radical; 
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Rr> may be all different, e.g., stearic, oleic, palmitic, or two 
of tlicrn may be alike. It is also self-evident that isomers may exist, 
depending on the arrangement of these radicals. 

It is now well ascertained that the majority of natural glycerides are 
mixed esters. Some, probably most, natural fats and fatty oils are com¬ 
posed almost entirely of mixed esters, i.e., they contain little or no glyceride 
with only one kind of acid. There arc fats and oils, however, which must 
contain large quantities of uninixod triglycerides; the high percentage of 
one fatty acid precluding the possibility of all the glycerides being mixed 
esters, because there is not enough of the other fatty acids to “go round.” 

I’he glycerides of a sample of lard were found to be composed of pal- 
mitodistcarin 3 per cent, stearodipalmitin 2 per cent, oleodistearin 2 per 
cent, oleopalmitostearin 11 per cent, palmitodiolein 82 per cent. Another 
investigation show’ed that 84 per cent of a specimen of coconut fat was 
made up of mixed glj'ceridcs of saturated acids, dilauromyristin being the 
most abundant. Trilaurin and other simple (unmixed) triglycerides of 
saturated acids were absent. The glycerides containing both saturated 
and unsaturated fatty acids constituted 16 per cent of the total. They 
were composed chiefly of esters containing one oleic acid radical and two 
radicals of saturated acid (or acids): dioleo-glycerides were present to the 
amount of 4 per cent. Little or no triolein was present. 

Liquid Fats 

Vegetable Oils. The first step in winning the oil is to crush the raw 
material. This is sometimes effected by the most primitive means. In 
modern plants the edge-runner mill is occasionally used but has been, for 
the most part, supplanted by steel rolls arranged in vertical banks. When 
the oil is to be extracted by solvents, it is not well to crush fine 
because, firstly, this leads to channeling instead of percolation and, sec¬ 
ondly, because fine material is difficult to free from residual solvent. There¬ 
fore, it is the practice to crush for solvent extraction through only one pair 
of rolls. These are differential, so that one revolves faster than the other, 
producing exactly the size of material best adapted for solvent extraction. 

After crushing, the next step is either pressing or extraction. The 
greater part of the world’s supply of oil is obtained by pressing. The 
pulp is placed in bags and subjected to hydraulic pressure. Often the 
first pressing is done in the cold, the product thereby obtained being of 
the highest quality. For the second and third pressings the pulp is heated. 
The final run, obtained by heating to a higher temperature is known as 
“foots.” 

The extraction process has long been extensively used in Europe: its 
advantages are simplicity, low personnel overhead and more thorough 
extraction; against these must be set off greater fire risk, with most solvents. 
At one time an important objection to this process was that the press cake 
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could not be used, directly, as cattle food; by careful selection of the solvent 
and by unproved methods of solvent removal this objection has been over¬ 
come. The proce.s,s consists in treating the crushe.l pulp in clo.sed vessels 
with a volatile .solvent; one of the best of these is a well refined “straiLditl 
run gasoline. The solvent overflows, through a screen, and is taken to a 
■still where it is separated from the oil by evaporation. The condensed 
solvent IS returned to the e.vtraetor. The proee.ss is continuous and almost 
automatic. W hen e.xtraction is complete the solvent .sometimes is replaced 
by a veo- volatile hydrocarbon fraction and this, in turn, can be coni- 

pletely removed by passing di,' steam through the pulp while the latter 
IS still in the extractor. 

VegeUble Drying OUs. Drying oils are charactorizecl by their power 
to absorb oxygen from the air, thus forming an elastic film. The amount 
of this absorption in the main is in proportion to the iodine value- so that 
we may roughly judge of the dr>'ing quality of an oil from its iodine iiumber 


TABLE OF CONSTANTS FOR DRYING OILS 


Name of Oil 

Oil Om- 
(ent of 

See<l, 
Per C<*nt 

Spcrific Gmvity 

Saponi- 
Heal ion 
Value 

1 

lofiino 

\*alue 

Refraclive ImJox 

Perilla. 

w 1 

3.5 8 

0 9300 

20* C. 

189 0 ! 

200 1 

1 


LinA<*<Hl. 

as-jo 

0 9315-15 

15* C. 

192-195 

1171-201 

1 4835 

22® c 

Tuiik. 

•10-11 

0 9300-432 

15* C. 

193. 

150-105 

1 .5030 

m® c 

Hemp. 

30 35 

0 0255-80 

15* C. 

192.5 

148 

1 4780 

15 5^ C 

P«ppy. 

n-50 

0 9210-70 

15* C. 

1 orj. 

133-143 

1.4580 

25^ C 

ourinower.... 

18-20 

0 9100- 9260 

25* C. 

188-104 

119-135 

1 4730 

25* C. 

Tobacco . . 

38-40 

0.9232 

15* C. 

170. 

118 0 



Penlla Oil This oil occurs to the extent of 35.8 per cent in the nuts 
of the Penlla ocymoidee, a plant indigenous to East India, Manchuria and 
Japan. It has the highest iodine value of any known oil, and in odor and 
taste resembles linseed oil. Its drying quality, however, is inferior to lin 

^d oil, due to its peculiar property of fonning drops when spread on a 
hard surface. 

Unseed Oil The oil is obtained from the seeds of the flax plant 
grown extensively in Russia, India, Argentina, Canada and the United 
States. On cold pressing, a light yellow oil is obtained, used to a limited 
extent as an edible oU. By far the greatest quantity, however, is used in 
the manufacture of paint and varnish. The chemical composition of lin¬ 
seed oil is not well known, although indications point to about 10 per cent 
of glycerides of solid fatty acids, equal parts palmitic and myristic acids 
The Uquid glycerides consist of approximately 6 per cent of oleic acid 15 
per cent of linoleic acid, 15 per cent of linolenic acid, and 65 per cent of 
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isolinolenic acid. WTien the price permits, linseed oil is converted by hydro¬ 
genation into a solid fat, which serves as a substitute for tallow in soap 
making. It is less readily hydrogenat-ed than some other fatty oils. 

Tiing Oil. This oil is often spoken of as “Chinese Wood Oil.“ It is 
obtained from the seeds of Aleurites eordata, a tree indigenous to China and 
Japan. The importation and cultivation of this tree in Florida has demon¬ 
strated that a substantial supply of tung oil can now be obtained from 
tiomcstic sources. The oil varies to some extent according to its source. 
The seeds are usually roasted, broken into a powder and pressed. The 
cohi pres.sed oil is pale yellow, and is known in the trade as “white tung 
oil.” That resulting from hot pressing is dark in color, and termed “black 
tung oil.” The raw oil has a peculiar odor suggestive of ham. Its chemical 
constitution differs from linseed in that it consists almost wholly of glycer¬ 
ides of oleic and elaeomargaric acids. 

Tung oil is used principally in the manufacture of varnishes and lin¬ 
oleum. When incorporated with ordinal*)' rosin and suitably thinned, a 
varnish is obtained which is not affected readily by water, while varnish 
made with rosin and linseed oil alone is quickly turned white by contact 
with water. In consequence of this behavior of tung oil, it has become 
very popular with the varnish maker as a means of producing cheap but 
good varnish. Varnishes made with this oil and rosin ester (glyceride of 
the acids of colophony) are extensively used. When heated to 230® C. and 
over, the oil coagulates to a transparent solid which is elastic under com¬ 
pression, and this product has been recommended as a rubber substitute 
or factis. Hydrogenated tung oil expands in a noteworthy manner on 
solidifying from the molten state. 

Hemp Seed Oil. The source of this oil is the hemp plant. Cannabis 
saliva. The color of the fresh oil is light green, becoming brownish yellow 
on standing. The solid glycerides of hemp oil are claimed to be those of 
stearic and palmitic acids. The liquid glycerides contain linoleic, oleic, 
linolcnic, and isolinolenic acids. It is used as a paint oil, for making soft 
soaps, and low grades arc employed for certain varnishes. 

Poppy Oil. To obtain this oil the seeds are pressed cold, thus pro¬ 
ducing a product almost colorless, or very pale golden yellow, known in 
the trade as “white poppy seed oil.“ That expressed at a higher tem¬ 
perature is known as “red poppy seed oil.” It is cultivated largely in 
Asia Minor, Persia, India, Egypt, and Russia. It is used largely as a salad 
oil, and in the manufacture of artists’ colors. 

Sunflower Oil. This oil is obtained from the seeds of the Helianthus 
annuus. The components of the oil are mainly Unolic (57.5 per cent) and 
oleic (33.4 per cent) acids with smaller amounts of the glycerides of palmitic 
(3.4 per cent) and stearic (2.9 per cent) acids along with some of the glycer¬ 
ides of arachidic (.6 per cent) and lignoceric (.4 per cent) acids. It is of a 
mild taste, pleasant odor, and a pale yellow color. It is raised extensively 
in Russia, Hungary, India, and China. It is employed in soap making, 
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and for the mnnnfacture of v:irni:^It. 'j’his oil does not dr>^ as readily as 
those previously meritioiuHl. 

TobacM .SVrd Oil. The oil obtained fonn the seed of the tobacco plant 
is of a pale greenish yellow color, and dries very readily. On account of 
its high price it has never found any coininerciai application. 

Vegetable Semi-drying Oils. J hose oils form a connecting link between 
the drying oils and the non-diying oils, although it is difficult to .sjjy to 
which class they belong. C'heinically they differ from the drjdng oiks by 
the presence of relatively small amounts of limdenic acids; and from the 
non-<Ir>dng oils by the linoleic acid they contain. 


I’AMLE OF COXSTAN’TS 


FOR SEMI-DRVIXO 


OTfi? 


Name of 
Oil 

Oil Con¬ 
tent of 

Per Cent 

SjK‘oirj<* Ciravity 

Saponifi* 

cMion 

\*alu<* 

Vriluo 

Refractive Index 

Soyu 

Pumpkin 

18 

0 0242 70 

15‘ C. 

190 0-192 

124-143 

1 4702 

15 5“C. 

. . . 

35-37 

0 9197 92.'>(J 

15 C.\ 

188 4-190 2 

123-130 

1 4723-38 

25* C. 

Corn . 

6-10 

0 9213-55 

15 5" C 

188-193 

113-125 

I 4750-70 

15 5* C 

Oitloii 

•2A -20 

0 9220 

15" C. 

: 193-195 

lOti-l 10 

1 4743-52 

15* C. 

S(*s;iine, . - 

50-57 

0 9230 37 

15^ C. 

1so-103 

103-108 

1 4748-02 

15* C. 

Croton. . . . 

53-50 

0 9500 

15 C. 

210-225 

102-104 

1.4708 

27* C. 

. 

33-43 

0.9132-08 

15 5"C. 

170-179 

94-102 

1 4720-57 

15* C 

Coiitor. . - . 

40 53 

0 9000 79 

15 5'’ C. 

183-18ti 

83-80 

1 1790 

15* C. 


Soya Bean Oil. The soya bean is obtained from DoUckos Soja, L., 
Roja hifipida, Sieb. et Zucc., Soja japonica, Savi, Ohjeine hispida, Alaxim' 
(“Sachuca bean Gh/nrie Soja, L., plants indigenous to China, Japan, 
Manchuria, Korea, Fonnosa, and Indo-China. Since the Kusso-Japaneso 
war when the oil was fii-st introduaai into Kurope and the United States 
8ucces.sful effort.s have b<‘cn inacie to grow tlie plants in the United States, 
Ceylon, South and W'est African coa.st, Italy, India and British Guiana,* 
and the production of the oil unti oil cake has increa.sed greatly until now 
it is first in rank of the oils imported into this country. 

Four varieties of the bean are known in China, namely, white, yellow 
green and black. In the native method of production the beans are soaked 
in water overnight, then crushed and boiled with a little water so as to 
burst the oil cells. The oil is expressed in crude wedge presses for a long 
period of time. The modern method of treating the bean is similar to the 
native one except that the time of pressing is considerably shorter and mod¬ 
em presses are used. The natives obtain a yield of 13 per cent of oil while 
the yield in the modem pressing plants is but 10 per cent, due probably 
to the shorter time of pressing. The oil is also obtained by extraction of 
the cooked bean with solvents, resulting in an increased yield of oil but 
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the oil oako is not. fit for edible purposes and therefore only unsound and 
moldy beans are treated in this fashion, the cake being used as fertilizer. 
The expressed oil is somewhat darker in color than that obtained by 
extraction. I'lie oil cake obtained from the pressing plants has long been 
used by the natives as an article of food and is considered a staple in their 
diet. In this countrj' and Kuropo the bean cake is used as a cattle food 
and has been found to compare favorably with cotton seed and linseed cake. 

Refining of the oil is similar to the practice used on cotton seed oil. The 
oil obtained by expression from sound seed is practically neutral and can 
be used directlj' for the manufacture of soap. For edible purposes, how¬ 
ever, the neutral oil is usually bleached by means of fuller’s earth, but for 
technical purposes the oil may be bleached by chemical means. 

Soya bean oil consists mainly of the glycerides of linolic (51.5 per cent) 
and oleic (33.4 per cent) acids along with smaller proportions of the gly¬ 
cerides of palmitic (6.8 per cent), stearic (4.4 per cent) and linoleic (2.3 
per cent) acids, and some glycerides of arachidic (0.7 per cent) and ligno- 
ceric (0.1 per cent) acids. It is classed as a drjdng oil, though the skins 
obtained from the boiled oil arc unsatisfactory and dry slowly. It has no 
characteristic color reaction and adulteration of the oil with a small per¬ 
centage of cottonseed oil can be detected by the Halphen color reaction. 

The oil is chiefly used in this country in the manufacture of soap, its 
usefulness for this purpose comparing favorably with linseed and cotton¬ 
seed oils. For soft soap it may be substituted entirely for linseed oil but 
in hard soaps it can only be partially substituted for cotton seed oil. It 
is also used for edible purposes and in the manufacture of paint oils and 
linoleum. Tungate and cobalt driers may be used with the oil in paint 
oil but red lead and litharge driers are said to be unsatisfactory. It is also 
used as an adulterant in linseed, rape and cotton seed oil when the price 
of these oils leads to sophistication. Soya oil hydrogenates readily, form¬ 
ing a hard fat. The hydrogenation of this oil is extensively practiced. 

Pumpkin Seed Oil. In South Russia the seeds of the Cucurhiio pepo 
are roasted, and the oil expressed in the hot condition. This produces a 
viscous product of a brownish-green color. The cold pressed oil has a 
greenish color and a slight red fluorescence. The cold pressed oil is used 
for edible purposes, while the inferior grades serve as burning oils. 

Com Oil. This oil is obtained from the germ of the maize plant, Zea 
mays, during the manufacture of com starch. The freshly prepared oil 
has a pale yellow color, and may be readily identified by its taste, which 
is similar to that of com meal. 

The keeping qualities of the oil are very good when refined, but the 
crude oil is rapidly hydrolyzed if meal be present. By careful refining 
and deodorizing with superheated steam, an edible product is obtained 
which has a very pleasant taste and whose keeping qualities are good. 
This grade of oil is used in cake and biscuit making and for oiling bakers’ 
pans, also in butter substitutes and as a salad oil. Hydrogenated com oil 
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sen-os as a satisfactory- stiffening; in(;re(lionf in lard compound. Allli(nij;h 

somewhat ciifficult to saponify, corn oil is u.sed (piite extensively in soap 

making an<J to a more limited <legree in the manufacture of paint. 'J'he 

output of corn oil is, however, almost insignificant in comparison to that 
of cotton seed oil. 

Cotton .SVW Oil, This oil is obtained from the .seed of the cotton plant 
{Ooss'ijpium hcrhaceum and other .species of go.s.sypium), extensively culti¬ 
vated in the United States. Kfo-pt, I-:ast India, and other countries. 'I'ho 
oil as it comes from the hydraulic press varies in color from yellowish 
brown to a dark rub3- or blackish red. depending on the nature and con¬ 
dition of the .seed from which the oil has been expres.sed. It contains muci¬ 
lage, fine meal or “mealj- matter," coloring and tarrv material. Some of 
the.se impuritie.s are due to the effect of moisture and heat in pre.ssing the 
oil from the cooked seed. The practice has recently dev(*loped of filtering 
crude cottonseecl oil at the mill before .sending it to the refinery-. As this 
oil i.s .slimy some filter aid mu.st be u.sed; u.sually this lias been diatomaceous 
earth. The u.se of activated carbon has great advantages. At the tempera- 
ture.s u.sed (90'»-100" F.), there i.s no bleaching effect. Filtered crude i.s 
much more stable than unfiltered owing to the removal of colloid impuri¬ 
ties. This ha.s the double advantage that it can be held longer at the 
refinery-, awaiting refining, and that tiie refining i.s easier and more efficient. 
Crude oils containing under 1 per cent of free fatty acid and derived from 
selected seed are used in the manufacture of butter oils. Great care has 
to be taken in the preparation of butter oils to preclude the development of 
any unplea.sant ta.ste or odor. When about 1 or 2 per cent of fatty acid is 
present in the crude oil, refining is carried out to produce what is known as 
prime yellow oil. Above 2 per cent of fatty acid.s, there is more difficulty 
in removing the color, and the oil is not an suitable for edible purpo.se.s. 
Crude oil may contain as high a-s 7 or 8 per cent of free fatty acids in case 
the seed ha.s become damaged by heating, etc. The losses occurring in the 
refining of the cnide oil vary with the proportion of free fatty acids and 
usually runs from 7 to 10 per cent. Improved methods in refining arc 
tending to reduce this loss. 


Cotton seed oil is used in large quantities for edible purposes, but owing 
to popular prejudice in the past it has seldom appeared under its true name. 
Of late, this prejudice has greatly diininLshcd. We may find it on the open 
market as “table oil," “salad oil," “sweet nut oil ” as well as a score of 
other designations. A highly refined product which is veiy popular in the 
United States is known as Wesson oil. Large quantities of the cotton seed 
stearin are employed in the manufacture of butter substitutes, lard com¬ 
pounds, and lard substitutes. Cotton seed oil being cheap is often used 
as an adulterant for the more expensive oils such as olive, peanut and other 
edible oils. One of its most important uses is in the manufacture of toilet 
and laundry soaps. 

Sesame Oil. This oil is obtained from Sesamum orienlale, extensively 
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grown in India, China, Japan, the Levant, and West Africa. The cold 
pressed oil is of a light yellow color, with a pleasant taste, so that it is used 
to some extent for ediljle purposes. In some countries the legal require¬ 
ment is made tliat sesame oil form a constituent of margarine in order to 
facilitate the detection of margarine in butter because of its characteristic 
color reaction. The hot pressed oil is used largely in soap making. 

Croton Oil. Croton oil is obtained from the seeds of Croton tiglum, 
a tree grown on the Malabou coast, in Southern Asia, and in China. The 
oil varies in color from yellow, orange, or brown according to age. It has 
a nauseating odor, a burning taste, and a very powerful purgative action. 
Its chief use is in pharmaceutical preparations. 

Rope Oil. There are several varieties of this oil, depending upon the 
place of cultivation. The oil is obtained from the seeds of Brassica cam-’ 
pcstris. 

In the trade this oil is called colza oil. The crude oil is dark brown and 
may contain a considerable proportion of free fatty acids. The refined oil 
is pale yellow anti is very viscous, depositing more or less stearin on stand¬ 
ing. The taste is unpleasjint and the odor characteristic. Refined cold 
drawn oil is sometimes used for edible purposes, while the inferior qualities 
find an outlet as lubricants and illuminants. Rape oil as well as cotton 
and corn oil are converted into rubber substitutes or factis by treatment 
with sulphur chloride or by heating with sulphur. Rape oil also is 
“blown “ with air to produce thickened products. 

Castor Oil. This oil is obtained from the seeds of Ricifius communis, 
a plant grown extensively in East India, Java, the Mediterranean coun¬ 
tries, and the United States. The cold pressed oil is used for medicinal 
purposes. The lower grades arc used very extensively in manufacturing 
operations, such as leather dressings, and in the sulphonated condition is 
known as “soluble oil,” “Turkey red oil ” or “monopol oil.” Castor oil 
is a colorless or pale greenish oil with a slight but nauseating flavor. “Taste¬ 
less ” (i.e., odorless) castor oil is now made for medicinal use. 

It has a high viscosity and finds some application in lubricants, although 
by no means devoid of gumming properties. While sometimes classed, in 
accordance with its iodine value, with the non-drying oils this classification 
is not strictly correct as castor oil contains glycerides whose fatty acids 
are more unsaturated than ricinoleic acid, the presence of which explain 
the gumming qualities observed. The oil is prized as a lubricant for aero¬ 
plane engines. Sulphur unites readily when heated with it, forming rubber- 
like compounds. When hydrogenated at a relatively low temperature, the 
hydroxyl groups present are not affected, but at higher temperatures these 
are replaced by hydrogen. The hydrogenated product is very hard and 
has found a use in the manufacture of insulating materials. A peculiar 
property of castor oil is its miscibility with alcohol. Unlike most other 
oils it does not dissolve readily in petroleum ether. The solubility is not 
greatly modified by hydrogenation under conditions which do not affect 
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the hydroxyl ffroup. Whon hydroponatod at a tcmpcratiiro which does 
result in the destruction of tlie liydroxyl proup tfio product is no lonper 
soluble in alcohol. It is, however, soin<*what st)luble in petrolouiu elluT. 
By heatinp to a rather liiph temperature the oil bccome,s polymeriiied and 
is then miscible with petroleum ether jind inin(‘ral oils. 

Vegetable Non-drying Oils. The oils in this class have a lower iodine 
number than those of the two precedinp classes. 'I'hey tlo not become 
gummy when e.xpo.sed to the air at ordinary temperature; althrmph they 
all thicken on heatinp. 


Ktifcic of Oil 

Oil Con¬ 
tent of 
.Soe<l, 
Per Cent 

Si>orifir Gravity 

1 

Saponi- 

firntioh 

lotlinc 

\’aluc 

Refractive inclex 

Peach kernel. 

32-35 

0 9IS 

0 9215 

15“ C. 

191 5 

93.3- 
100 3 

1 4713 

1.5’ C. 

AlrnoDtl. 

45-55 

0 9175 

0 9195 

15“ C, 

199 3 

100 7 

1 4731 

15 5“C. 

Peanut. 

43-45 

0 9170- 
0 9209 1 

15“ C, 

191 3 

94.7 

1 47<'*0 

15 5“ C. 

Olive. 

♦ 

40-00 

0 910-lH 

1 

15“ C. 

1R5-190 

79-88 

1 409S- 
1 4710 

15“ C. 

Olive kernel. 

12-15 

0 9I«4- 
0 9191 

15“ C. 

183 

87 4 

1 40S2 

6 

0 

Cl 


Peach Kernel Oil. This oil is obtained from the kernel of the peach, 
is of a pale yellow color, anti greatly re.sembles almond oil. Its chief use 
is as an adulterant for almond oil. 

Almond Oil. Almond oil is expressed from bitter almonds, which 
yield more oil than sweet almonds, although both oils are practically 
identical. The source of this oil is Morocco, Canary Islands, Portugal, 
Spain, Franco, Italy, Sicily, Syria, and Persia. Its chief use is in phar¬ 
maceutical preparations. 

Fcanul Oil. This product is also known as earthnut oil and arachis 
oil. It is obtained from the seeds of Aracbi.s hypogai^a, commonly known 
as peanut. It is largely cultivated on the We.st Coa.st of Africa, India, and 
the United States. The nuts are shelled and the inner red skin separated 
as completely as possible from the true kernel. The kernels are then 
prcs.scd. The oil has a golden yellow color and the edible varieties are 
usually bleaclied to a very pale color. The cold-pressed oil is nearly color¬ 
less, has a pleasant flavor and ts largely used as a salad oil. Oil of inferior 
quality is used in soap making. 

Olive Oil. The oil is prepared from the fruit of the olive tree, both by 
expression and extraction. The commercial product varies from colorless 
to golden yellow and dark green, according to the variety of tree, degree 
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of ripeness, manner of gathering, and method of expression. Virgin 
oil,” considered the best quality for edible purposes, is obtained from the 
hand-picked fruit, by crushing in such a manner as not to break the kernel. 
The pulp is then treated with water and pressed again. By this process 
salad oils are obtained. The pulp is then removed from the press, treated 
with hot water and again subjected to hydraulic pressure; the oil obtained 
being employed for lubricating, soap making, and for other technical 
purposes. The final expression comes into the market as ‘‘olive oil foots/’ 
extensively employed in the manufacture of “castile ” soap. 

The best quality of the oil is greenish yellow. The consistency is that 
of a limpid oil at ordinarj-^ temperatures and beginning to deposit “ stearin ” 
below 10® C. The oil is valued more particularly on its flavor. The finest 
edible oil has a slight and agreeable flavor, with inferior grades there is a 
distinct odor and the taste becomes sharp and unpleasant, due in part to 
increasing proportions of free fatty acids. The best edible oil contains only 
0.3 to 0.5 per cent of free fatty acids, and anything much exceeding this 
precludes its use as a salad oil. The acidity is sometimes removed by treat¬ 
ment with alkali, and oils treated in this way do not show the absorption 
bands of chlorophyll which are often clearly given by the fresh oil. 

Extraction of olive oil in California differs somewhat from the European 
practice and is as follows. The fruit is passed through rollers to crush the 
pulp and is then pressed at 500 to 600 lbs. per square inch. This serves 
to remove most of the water and some of the oil, which is of first quality 
and is tenned “Virgin oil.” The pressed pulp is then placed in an edge 
runner and ground, care being taken not to crush the pits. The mass is 
again pressed at a higher pressure and a good grade of oil is obtained which 
is usually mixed with that obtained in the first pressing and marketed as 
salad oil. The pulp obtained after the second pressing is again ground in 
the edge runner, 10 per cent of warm water added and then pressed at a 
still higher pressure. The oil obtained from the third pressing is of inferior 
quality, high solid fat and of poor flavor. The oil is refined by first washing 
with water which serves to remove the bitter principle present. A stream 
of carbon dioxide is then passed through the oil at 190 to 200® F. which 
removes disagreeable odors or flavors in the oil. Oil of low grade is improved 
in odor and flavor by exposure to steam in vacuo. Treatment with sodium 
carbonate or bicarbonate solution at slightly elevated temperatures fol¬ 
lowed by filtration removes the free fatty acid, filtration preferably being 
carried out with the aid of some bulking material such as infusorial 
earth. 

Olive Kernel Oil. This oil is obtained by pressing or extracting the 
seeds from olive stones. The cold-pressed oil is golden yellow in color, 
while the hot-pressed oil has a greenish cast. The extracted oil is dark 
green in color, probably due to the presence of chlorophyll. This oil in a 
way is the by-product in the manufacture of olive oil, and resembles it 
veiy closely in all of its properties. 
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A ni m al Oils. These oils are obtained by heating the fatty matter with 
live or drj’- steam in open kettles or closed digesters; the old method of 
heating over tlie open fire is now used but infrequently. One of the most 
modern processes consists in heating the stock with water, at a pressure 
sufficiently high to cause a complete separation, but not high enough to 
decompose the stock. When this “rendering “ i.s complete the contents 
of the digester are filtered to remove solid matter, and the liquid portion 
allowed to stand .so that the oil may rise to the top. The liquid portion 
remaining after the oil has been removed may be used again, or may be 
concentrated for use as glue stock. The solid matter is usually dried and 
sold for use in fertilizers. In some forms of rendering tanks the oil is allowed 
to rise to the top, where it is removed by tap valves along the side. The 
oil oljtained by the above methods is usually sufficiently pure for com¬ 
mercial purposes. If it is to be used for edible purposes, it is customar>' to 
purify it further by bleaching. 'I'his is accomplished by pa.ssing the oil or 
fat through bone-black or fuller’s earth. 

Animal oils may be divided into two clas.ses: 

1. Marine animal oils, 2. Terrestrial animal oils. 

Marine Animal Oils. The marine animal oils are characterized by 
their high iodine values, which in a way resemble the vegetable drying 
oils. As with vegetable oils, we have a gradual lowering of the iodine 
value through drying, semi-drying, and non-drying oils, until we approach 
the constitution of the terrestrial animal oils. The members of this class 
of oils arc liquids at the ordinary temperature, and will be considered 
under the three following groups: 

Fish oils Liver oils Blubber oils 


TABLE OF CONSTANTS FOR SOME COMMON FISH OILS 


Name of Oil 

Specific Gravity 

S^iponjfl* 

cation 

V'alue 

Toilinc 

^^llue 

Refractive Index 

Menhaden. 

0,027-0.933 
0.033 

0.9268 

15 5** C. 

16“ C. 
15.6“C. 


139-180 

161-193 

161.4 

1.480 

1.479 

15“ C. 
15“ C. 

Salmon 

B 





Fish Oils. The fish oils are obtained from various parts of the body 
of such fish as menhaden, herring, sardine, salmon, etc. The fish, or oily 
portion, is placed in rendering tanks, boiled and the oil drawn off from the 
top. The soluble portion is used for making fish glue, isinglass, and the 
solid portion sold as a fertilizer under the name of fish scrap. 

Menhaden Oil. This oil is prepared from the body of fish which in 
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appoarance rcsomblo herring although somewhat larger. The production 
of the oil is a seasonable occupation due to the times at which the fish 
appear, this being from about April to December. The old method of 
e.xtracting the oil from the fish consisted of cooking them in open vats for 

% minutes to break the oil cells without causing the fle.sh of 
the fish to disintegrate to such an extent that the subsequent pressing 
operation would become difficult. The cooked fish were then pressed in 
curb presses and the oil and water collected and separated. 

According to a more recent method the fish are cooked by live steam 
in long iron cylinders, so constructed as to make the process continuous. 
I'he fish arc fed into the cylinder by means of a hopper and conveyed by 
a screw conveyor through the cylinder. Steam is introduced in sucli a 
manner that the fish are evenly and thoroughly cooked when discharged. 
1 he cooked fish arc then pressed by means of a screw press consisting of 
a horizontal slat-sided iron truncated cone, through the center of which 
pas.scs a shaft equipped with a screw which closely fits the cone. The fish 
are fed in at the large end of the cone and carried along by means of the 
revolving screw which applies the desired pressure; the pressure being 
regulated by the size of the orifice of the cone. The mixture of oil and 
water pressed from the fish is collected and separated. The pressed fish 
mass contains about 50 i>er cent of water and after drying is sold as fish 
scrap for fertilizers anti poultry food. 

Crude menhaden oil varies in color from light amber to dark brown. 
Tlie qualitj’^ also varies somewhat with the locality of origin. The northern 
oil is regartled as slightly better than the southern oil for the reason that 
it is presumed le.ss decomposition of the fish is likely to take place prior 
to e.xpre.ssing the oil when the catch is handled in cooler climates. The 
oil comes into the market as “prime cnide,” “brown strained,” “strained,” 
“bleached winter oil ” and “bleached winter white oil.” Grade is also 
indicated by the letters A, B, C and D, and the grading is carried out 
simply by color observation. Afenhaden oil varies in iodine number, rang¬ 
ing from 166 to 180. It has a glycerine content of about 10 per cent and a 
free fatty acid content of about 3 per cent and upwards. Its specific 
gravity ranges from 0.927 to 0.933. It can be readily hydrogenated to 
make an excellent substitute for tallow in the manufacture of soap. 

Fonnerly menhaden oil was used principally as an illuminant and in 
currying leather, its minor uses being as a paint vehicle, lubricant and 
soap-making grease. Now, however, great quantities are used in the manu¬ 
facture of paints and varnishes. It is also used in the tempering of steel, 
the manufacture of oilcloth and linoleum and printing inks. In the prepa¬ 
ration of patent leather the substitution of fish oil for linseed oil aiTords a 
coating which is less liable to crack even though the coating is somewhat 
less glossy. Its moderate use in the manufacture of baked japans is of 
advantage. 

Sardine Oil, This oil is obtained in the preparation of canned sardines. 
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It is also rna<lo on a largo soalo in Japan b>' chopping tho fisli and subjecting 
them to boiling and j)rcssing. 

The better grades of this oil after fimper refining can readily be hydro¬ 
genated, rend<Ting them suitable for use in high-grade soaps. Pro<lucts 
of this character are also use<l for e<libh* purposes in Japan. 

Snlruon Oil. I'his oil is obtaineil on a large scale as a by-prrxluct in 
the canning industry of Pritish ('olumbia. It is of a pale goUh'n \(*llo\v 
color, with very littU* odor, and not unplea.«ant taste. 

Liver Oils. As the name implies, thes(' oils are obtained from th(' liver 
of various species of fish. 'I'hej* form a natural group whicli is character- 
ize<l by the large amf)unt of cholesterol, and biliary substances prc*sent in 
them. The iodine vahies bring them between tlie fish and blubber oils. 


CON.STANT.-^ FOR I IVFR OIIA 


X;.((ic of Oil i 

1 

Sf)ccific C 

ravily 

OxJ liver. 

0 «.)2IO-7() 

15* C. 

Iliuliioek liver. . . 

0 ‘rios 

15 C. 

.Shark liver. 

1 

1 

u 

15° C. 


Saponi¬ 

fication 

Value 

loflino 

Value 

Hofraotive 

Index 

171-189 

107 

1 48(X)-52 

15* C. 

188.8 

1.54.2 

. • . 


101 ' 

1 

1 

114 0 




Cod Liver OH. There are many grade.s of cod liver oil on the market, 
obtained in various ways from the liver of the codfish. The purest fonn 
of oil for medicinal purposes is that prepared from fish wliich are brought 
jishore alive. Ships equipped for rendering the oil now accompany the 
fishing fleet. The livers are heated in jacketed kettles, the resulting oil 
being known as “sU-ained liver oil.” When it is impossible to bring in the 
live fish, they arc opened and the livers collected. Provided no decom¬ 
position ha.s Uiken place the oil obtained from this .stock is known as ‘‘pale 
cod liver oil ” and is u.sed to some extent for phannaceutical purposes. 
As often happens these livers are landed in a more or less putrid condition, 
so that the oil from them becomes unfit for medicinal use, and is known 
as “light brown oil.” Should the product become vcr>' putrid the ro.sulting 
oil is known as “brown oil.” The oil not suitable for medicinal purposes is 
used in the currjing of leather under the name of “cod oil.” 

\Vhat is known as <lark tank cod oil comes from Newfoundland and 
has a specific gravity of .9296; an iodine number of 129; fatty acid content 
14 per cent and saponification number 190. Dark tank cod oil is made 
from cod livers and is used for tanning. 

Cod liver oil contains quite an amount of stearinc which, to a great 
extent, settles out on standing. Oils which have been freed from stearinc 
are known as “raked ” oils. 

The efficacy of cod liver oil for medicinal purposes formerly was attrib- 
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uted to its superior digestibility and to the presence of iodine, but today the 
valuation of cod liver oil is largely based on the vitamin content. Two 
vitamins are found in fish liver oils, namely, the growth-forming vitamin 
A and tlie anti-rachitic vitamin D. Biological tests therefore are now 
considered a necessity in determining the medicinal value of cod liver oil, 
purely chemical tests being deemed insufficient. The demand for cod liver 
oil has increased in the most extraordinary manner since the observation 
was made of the richness of this oil in vitamins. Its extraction for the pur¬ 
pose of retaining the highest vitamin content has been placed on a scientific 
basis. 

Shark Liver Oil. This oil is used to some extent as an adulterant of 
cod liver oil; it is obtained in a manner very similar to that employed for 
cod oil. It is also used in the leather industry. The oil appears on the 
market as “yellow strained,” “red,” “yellow,” “yellow red,” “Japanese,” 
“crude,” and “refined.” 

Haddock Liver Oil. The oil from haddock liver closely resembles cod 
liver oil, to which it is added to quite an extent as an adulterant. 

Dog-fish Liver Oil is an ill-smelling “fishy ” oil which requires energetic 
refining to yield an acceptable product. 

Blubber Oils. Under this heading will be included those oils obtained 
from the blubber of various fish. They differ from each other quite widely 
in their chemical composition. 


CONSTANTS OF SOME BLUBBER OILS 


Nnmo of Oil 

Specific Gravity 

Saponification 

Value 

Iodine 

Value 

Seal. 

0.9165-63 

16* C. 

189-196 

127-145 

Whale. 

0.0180 to 0.9300 

15.5*C. 

188 

116-156 

Dolphin. 

0.0180 

16* C. 

197.3 

99.5 

Porpoise. 

% 

0.0258 

16* C. 

195 



Seal Oil. This oil is obtained from the blubber of the seal. It varies 
in quality depending upon the method of extraction, and the length of 
time the oil has been left in contact with the animal tissue. The following 
brands appear on the market: “water white,” “straw seal,” “yellow seal,” 
and brown seal.” The last named oil is the result of long contact with 
animal matter and extraction at high temperatures. 

A white steam refined oil is produced only during the month of May 
in Newfoundland. It resembles whale oil but is not as “fishy.” Its princi¬ 
pal use is as a soap oil. Seal oil was produced in quantity long before 
whale oil commenced to be of its present commercial importance, and found 
application in pharmacy and in lighthouses as a burning oil, though its use 
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in this way is diminishing. Steps are now being undertaken by trading 
concerns interested hitlierto in sealing solely from the viewpoint of the 
seal skins to treat seal blubber at central depots by the most modern means 
available with the intention of producing seal oil on such a scale and of 
such a quality as to render its hydrogenation on the large scale economi¬ 
cally feasible. 

WhaU’ Oil. Formerly the whale blubber was worked up on board the 
whaler, but now it is generally brought into the “tiydng ” station. The 
blubber is stripped from the flesh as completely as possible immediately 
when it arrives at the works. It i.s cut into strips, delivered to the melting 
pan, and boiled with steam. The best quality of the oil is of a very pale 
yellow color, and Ls known in the trade as “whale oil No. 0.“ The fishy 
odor is relatively very' slight. On further heating the next quality, “whale 
oil No. 1,” is obtained, which is a little darker in color, and has more of a 
fishy odor than No. 0. Bleached No. 1 oil is sometimes sold as No. 0. 
The residue In the pan, together with the flesh of the whale, is heated in a 
digester under pres^iure of about 50 lbs. to the square ineh. In this way 
“whale oil No. 2 ” is obtained, which is of a brown color, and strong fishy 
odor. When the bones are worked up an oil is obtained known as “whale 
oil No. 3.” This oil is darker than No. 2 and has a very strong odor. From 
the flesh which has undergone putrefaction “whale oil No. 4 “ is obtained, 
this is still darker in color and has a very objectionable odor. 

Nos. 2, 3 and 4 are graded by color. 

No. 1 is pale yellow. No. 2 is orange. No. 3 oil in the crude state may 
be likened to coffee containing cream. No. 4 oil is practically a black oil. 

About 60 per cent of the total oil from whale is the No. 1 grade. Thirty 
per cent is the No. 2 grade and the remainder is Nos. 3 and 4. No. 0 does 
not appear on the market in material quantities. In this country No. 1 
whale oil is frequently sold with an “acid guarantee “ of not over 2 per 
cent. The No. 2 oil should not contoin more than about 5 per cent free 
fatty acid. No. 3 will run up to 15 per cent or so of fatty acid. During 
the last few years, there has been an increasing tendency to make the free 
fatty acid test a basis of contracts. As a matter of experience, it has been 
found that an oil which falls below the highest figure representing the 
limit of free fatty acid for a particular grade, will also conform to the 
accepted color standard for that grade. There are exceptions, as, for 
instance, when an oil Ls discolored by iron compounds. The specific gravity 
of fish and whale oils ranges from .918 to .930. The iodine number of 
crude whale oil is very variable and ranges between 115 and 155 for all 
classes of these oils. 

In the pressing of whale oil to secure products of the proper cold test, 
a quantity of so-called stearin is obtained which is used mainly in the 
preparation of whale oil soap and for making railway coach lubricants. 

No. 1 filtered whale oil has a flash point 570® F. and burning point 
640® F. The viscosity at 100® F. is 166 seconds in the Saybolt instrument. 
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No. 3 filtered whale oil has a flash point of about 380® F. and burning point 
of 424® F. 

Wlinle oil is obtained along the Canadian Pacific Coast, only a small 
proportion coming from the Pacific coast of the United States. A very 
small and uncertain supply is derived from the Eastern coast, but the 
whaling industry' which formerly made New Bedford an important port no 
longer e.vi.sts and the American industry is especially active along the 
Canadian Pacific shores. Norwegian whaling has recently been greatly 
developetl arui is now organized on the lines of modern industrial enterprises. 

A small amount of elephant seal oil is brought into this country, but 
is usually sold as whale oil. 

The uses of whale oil are confined largely to the following: 

For hydrogenation purposes to produce edible products and fats suitable 
for soap making; for tempering. It is not used in tanning to any great 
extent in this countrj' although it has found favor for this purpose elsewhere. 
Hydrogenated Norwegian oil is a clean product of unusually high quality. 
The water white and pale brands of whale oil are used for burning, and 
for soap making, the brown quality being used for leather dressings. 

Dolphin Oil. The oil obtained from the blubber of tlie blackfish, in 
its chemical composition, is intermediate between whale oil, a glyceride, 
and sperm oil, a wax. There are two varieties of this oil, body oil and jaw 
oil. Both are of a pale yellow color, and contain large amounts of glycer¬ 
ides of volatile fatty acids. On standing spermaceti deposits. It is used 
for lubricating fine machinery; such as watches, and other delicate instru¬ 
ments. 

Porpoise Oil. This oil is obtained by boiling the entire tissue of the 
brown porpoise; it is of a pale yellow color, and consists of the glycerides 
of valeric, palmitic, stearic, and oleic acids. There are two varieties of the 
oil: body oil, and jaw oil. It is used as lubricant for delicate machines. 

Terrestrial Animal Oils. The oils of this class have a low iodine num¬ 
ber, and therefore, belong to the non-dr>dng oils. 


CONSTANTS FOR TERRESTRIAL ANIMAL OILS 


Name of Oil 

Specific Gravity 

Saponification 

Value 

Iodine Value 

Refractive Index 

Sheep’s foot.... 

0.9175 


194.7 

74.2 

• 


Horse’s foot... . 

0.913-27 


195.9 

73.8-90 



Neat’s foot. . . . 

0.914-16 

15** C. 

194.3 

69.3-70.4 



Egg. 

0.9144 

15® C. 

184.4-190.2 

68.5-81.6 

1.4713 

25® C. 

Lard oil. 

0.916 

15® C. 

193 

73 



Tallow oil. 

0.794 

100® C. 


55.8-56.7 




Sheep's Foot Oil. This oil is obtained from the feet of sheep in very 
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much the same manner as dcscribotl for neat's foot oiJ, it being similar to 
neat’s foot oil, and is usually sold as such. 

Horse's Fool OtI. As a rule thi.s oil is never placed on the market under 
its true name, but is usually nuNcd with .slieep's foot, or neat's foot oil. 
^^ hat is sold as horse oil is the liquid portion of horse fat. The odor is 
rarely of a plea.siint character. 

Neal s fool Oil. I his oil is obtained by boiling tfie feet of cattle witli 
water. It is of a pale yellow color and fn*e from odor. The commercial 
product usually contains small amounts of sheep's foot and horse’s foot oils. 
On account of the high price of neat’s foot oil it is often adulterated 
with vegetable, fish, or even mineral oils. The most common a<iulferants 
are rape oil, cotton see<l oil, corn oil, menhaden or other fish oils, and 
mineral oil. True neat’s foot oil is an e.xcellent lubricating oil, but its chief 
application is in leather manufacture. 

Egg Oil. This oil may be obtained by pressure or e.vtraction from the 
hard boiled yolk of hens’ eggs. The pre.sseil oil has a yellow color, while 
the e.xtracted oil is of an orange shade. The nature of the solvent largelv 
influences the properties of the oil obtained; tho.se most commonly used 
being ether and petrolemn ether. In the form of egg-yolk it has veiy^ 
valuable properties in certain tanning operation.s. 

Lard Oil. This oil is obtained by sul)jecting lard to hydmulic pressure. 
It consists in the main of mixed glycerides of palmitic, stearic, and oleic 
acids, chiefly palmitodiolein (82 per cent). The quality of the oil varies 
greatly according to the pres.sure and temperature maintainetl; hence, 
the constants will vary within a considerable range. Its principal use is 
as a lubricant, and in cutting oils. 

Tallow Oil. This oil is the fluid portion which is separated on sul>- 
jeeting tallow to exprefwion. The procc.sses of manufacture and the prop¬ 
erties of this oil are similar to lard oil. It also re.s<>mbles neat’s foot oil 
but contains a larger proportion of saturated glycerides and is regarded as 
less valuable as a lubricant. 


Solid Fats 

Vegetable Fats. To this class of fats belong those which remain solid 
at the ordinary temperature. They differ, however, ver>' greatly in con¬ 
sistency, ranging from soft to very hard. This variation in hardness is 
dependent upon the a»nount of glycerides of oleic and linoeic acids present; 
the smaller the amount of these glycerides the harder the fat. 

Cottonseed Stearin. Reference has been made to the manufacture of 
this product in the discussion of cottonseed oil. Cottonseed stearin is 
manufactured on a very large scale. 

Palm Oil. Until recently, the only source of this oil was from the 
coast of Africa, but at present considerable quantities come from the 
Philippines. The oil is obtained from the fleshy part of the fruit of 
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CONSTANTS FOR VEGETABLE FATS 


Name of Fat Specific Gravity Saponifica Iodine Refractive Index 

tion Value value 


Cottonseed. 0.9188-0.9230 15* C. 195 90-103 

Palm oil. 0.921-0.9245 15* C. 192-202 51.6 1.4510 GO* C. 

VcKctahle tallow. . 0.918 15* C. 200.3 28-37 

Cocoa Gutter. 0.9500-0.970 15* C. 193.5 32-41 1.4496 00* C. 

Palm kernel oil 0 9520 15“ C. 242-250 13-14 1.4431 00" C. 

Cocoanut oil. 0.9115 40* C. 240-260 8-9.5 1.4410 00* C. 

Japan wax. 0.9700-0.9800 15* C. 217-237.5 4 9-9.5 

Shea butter. 180-190 57-63 


the palm tree. The process of making this oil is very crude. Either the 
fruit is stored in holes in the ground, when by fermentation the oil sep¬ 
arates and rises to the top; or, the oil is pressed out by hand. The kernels 
are not destroyed, and from them palm nut oil is obtained. The fresh 
oil has a deep orange yellow tint not destroyed by saponification, a sweetish 
taste, and an odor of orris root or violet which is also imparted to soap 
made from it. Large quantities are said to be wasted because of this fact. 
The oil contains impurities in the form of fermentable fiber and albuminous 
matter, and consequently develops free fatty acid rapidly. Samples 
tested for free acid have been found to have hydrolized completely and 
it is seldom one obtains an oil with low acid content. Because of this 
high percentage of free fatty acid, the glycerine yield is small, though the 
neutral oil should produce approximately 12 per cent of glycerine. 

Since soap made from palm oil is colored orange, bleaching before 
saponification is usually required. 

Oxidation readily destroys the coloring matter, while heat and light 
assist materially. The methods generally employed are by the use of 
oxygen developed by bichromates and mineral acid and direct bleaching 
through the agency of the oxygen of the air. 

Bleaching of Palm Oil with Bichromate, The chrome process of bleaching 
palm oil is more rapid and the oxygen thus derived being more active will 
bleach oils which air alone is not able to decolorize. For the best results 
an oil should be chosen containing under 2 per cent impurities and a low 
percentage of free fatty acids. The grade of palm oil known as Lagos oil 
is best adapted to these requirements. The oil is melted and filtered to 
remove the fibrous material and gross Impurities. The oil thus obtained 
contains fine earthy and fibrous material and albuminous matter which 
should be removed, as far as possible, since chemicals are wasted in their 
oxidation and the bleaching is retarded. This is best done by boiling the 
oil with wet steam and a 10 per cent solution of common salt. After 
settling overnight the brine and impurities are removed and the oil is run 
into the bleaching tank. The tank is lead-lined and equipped with a steam 
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coil and a coil arranged tn allow thorough air agitation, both coils being of 
lead. These coils should extend over the bottom of the tank and have a 
number of small downward perforations. The temperature of the oil is 
reduced to 110® F. by passing in air, and 40 pounds of fine common salt 
per ton are added. About one-half of tlie acid (40 pounds of concentrated 
commercial hydrochloric acid) is now poured in and this is followed by the 
sodium bichromate in concentrated solution, previously prepare<l by 
dissolving 17 pounds of bichromate in 45 pounds commercial hydrochloric 
acid. 'This solution should be added slowly, the whole mass iTieanwhilc 
being thoroughly agitated with air, the agitation being continued for one 
hour after the last of the bleaching mixture has been introduced. The 
batch is allowed to settle and the exhausted chrome liquors are then run off. 
Water is run into the bleached oil and tlje temperature raised by open 
steam to 150®—160® F. The mass is then allowed to settle. 

Air Bleaching of Palm Oil. After the impurities have been removed, 
as outlined above, the temperature of the oil is rai.sed by open steam. 
The steam is then .shut off and air is allowed to blow through the oil until 
it is sufficiently bleached, the temperature being maintained above 150® 
F. by occasionally pa.ssing in steam. Usually the oil is completely bleached 
after air has been passed through it for eighteen to twenty hours, provided 
the oil is thoroughly agitated by a sufficient flow of air. When the oil 
has been bleached to the desired color (which can be determined by 
removing a sample and cooling), the mass is allowed to settle, the water 
run off to a wjiste tank from which any entrained oil may be skimmed 
off and the supernatant clear oil run to storage tanks. While this process 
consumes more time, and is not as efficient in bleaching the lower gnidos 
of oils, the cost of bleaching is less, and with a good oil, success is more 
probable, as there are no chrome liquors present to contaminate the oil. 
These, if present, would give the bleached oil a green tint when the chrome 
method is improperly conducted. Instead of blowing the air through the 
heated oil, the latter may be brought into contact with the air, cither by 
a paddle-wheel arrangement, or by pumping the oil into an elevated vessel, 
pierced with nuniorous fine holes from which the oil continuously flows 
back into the vessel from which it is being pumped. 

Palm oil is much prized as a soap material and finds some use as a 
flux in the manufacture of tinned iron (sheet tin). It has been proposed 
as an addition to oleomargarine to tint the latter a yellow color. 

Vegetable Tallow. From the fruit of the Chinese tallow tree is obtained 
a hard fat. The fruit is steamed in perforated vessels, in which the fat 
melts and is run off. The remaining seeds are then pressed and “ Stillingia 
oil ” obtained. Another process is also employed in which the whole fruit 
is crushed and pressed, thus yielding a mixture of vegetable tallow and 
Stillingia oil. 

Cocoa Butter. The cocoa beans are roasted, ground, treated with 
sodium carbonate and hot pressed. When freshly prepared cocoa butter 
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lias a yellowish color, but it turns white on standing. It has a pleasant 
odor and agreeable taste, and is less likely than almost any other fat 
to go rancid. It is used in confectionery, medicine, toilet creams, and 
soaps. 

The low melting point limits its use to some extent but this can be 
remedied by hydrogenation. By this means the melting point can be 
raised to the neighborhood of 60® C. 

Palm Kernel Oil. This oil, as indicated above, is obtained from the 
kernels of the palm-tree fruit. After the fleshy part of the fruit is removed 
the kernels are collected, screened, ground to a pulp and subjected to 
hydraulic pressure. It is a white oil, and when fresh has a pleasant odor 
and nutty tiuste. It is used very largely for soap making, and in the pure 
condition it is employed for edible purposes. 

Stearin from palm kernel oil is produced commercially of a some¬ 
what higher melting point than that from cocoanut oil, and the olein 
may have a lower melting point than that of cocoanut olein. There 
has been a prevailing belief that the keeping properties of palm kernel 
products were not as good as those of cocoanut oil, but owing to improved 
methods of refining, this difFerence no longer exists. 

Cocoanut Oil. The source of this oil is the fruit of the Cocos nucifera 
(the ordinary cocoanut tree). The husk of the nut is removed by hand. 
The nut is split in two and is dried in the sun, which requires two or three 
days. The shell comes off soon after the drying has commenced. The 
dried meat is termed copra. Large quantities of copra are prepared by 
drying in kilns, but the color is usually darker when so treated. The copra 
generally is shipped and pressed at a place near the point of consumption 
to avoid loss of oil by leakage in transit and to save the expense of con¬ 
tainers. The oil is a solid, white fat at ordinary temperature, having a 
bland taste and the characteristic cocoanut odor. It is rarely adulterated 
though in recent years the price of this oil has increased materially because 
cocoanut oil is now being used extensively for edible purposes, especially 
in the making of “ nut butters” and bakers’ fats. Present indications are 
that shortly very little high grade oil will be employed for soap manufac¬ 
ture since the demand for it in butter substitute manufacture is steadily 
increasing and since new methods of refining the oil for this purpose are 
constantly being devised. 

The oil is found in the market under three different grades: (1) 
Cochin cocoanut oil, the choicest oil coming from Cochin (Malabar). 
This product, being more carefully cultivated and refined than the other 
grades, is whiter, cleaner and contains a smaller percentage of free acid 
than the other grades. (2) Ceylon cocoanut oil, coming chiefly from 
Ceylon, is usually of a yellowish tint and more acrid in odor than Cochin 
oil. (3) Continental cocoanut oil (copra). This product is generally 
superior to the Ceylon oil and may be used as a very satisfactory sub- 
situte for Cochin oil, in soap making for example, provided it is low 
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in free acid and of good color. Cocoanut oil roadil^' saponific.s, forming a 
soap which lathers or fonns suds easily, hence the .soap maker adds cocoa- 
nut oil to his tallow or other fats when seeking to obtain a free suds- 
forming soap. 

Cocoanut oil has a saponification value of 240-200. an iodine value of 
8-9.5 and the molting point is approximately 22® C. By pressing, cocoa- 
nut oil olein and stearin are prepared and tlie refined stearin.s an' largely 
used as cocoa-butter sub.stitutes in the manufacture of chocolate and 
biscuits, also for pharmaceutical purposes. The refined olein finds use 
as a baking fat in biscuits and pastry. The whole oil is customarily 
used in making margarine. “Nut oil" and “nut butter” usually have 
cocoanut oil as their basis. 

Japan Wajr. See under waxes. 

Shea Butter (Shea nut oil). This is a stiff*, pla.stic fat somewhat 
granular and occa.sionalIy of a “stringj^” nature. It contains from 
5 to 10 per cent of unsaponifiable matter. The refined fat, which can be 
rendered practically tasteless an<l odorless, finds an increasing use 
abroad for edible i>roducts. 

Animal Fats. Under this head are included tho.se solid fats which are 
derived from animal tissues. They var 3 ' in degree of hardness according 
to the amount of tlie glycerides of unsaturated fatty acids pre.sent, those 
with the higher amount being the softer. 

Although only non-diydng fats will he considered it may be well to 
state that certain animal fats liavc quite pronounced drjdng qualities. 


CONSTANTS FOR ANIMAL FATS 


Name of Fat 

Specific Gnivity , 

Saponification 

Value 

Io<line 

N'aliic 

Refractive Inde.x 

Horse. 

0 9189 

16* C. 

200 5 

81-82 



r>ard. 

0 934-0 938 

15* C. 

193 5 

66-67 



Beef tallow. 

0 943-0.952 

16* C. 

190 9 

46-55 



Mutton tallow. . 

0 937 

15* C. 

193-2-200 

38^6 

1 4510 

() 0 * c. 

Butter. 

0.926-0 946 

16* C. 

192-195.2 

35-46 

1.4510 

60* C. 


f 


Tallow is the name given to the fat extracted from the solid fat or 
“suet" of cattle, sheep or horses. The quality varie.s, depentling upon 
the season, the food and age of the animal ancf the method of rendering. 
It comes to the market under the classification of edible and inedible 
and is more specifically identified as beef tallow, mutton tallow or horse 
tallow. The better quality is nearly white and grows whiter upon ex¬ 
posure to air and light, though it usually has a slightly yellowish tint. 
It has a well-defined grain and clean odor. It consists chiefly of stearin 
and palmitin with some olein. Tallow is by far the most extensively 
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used and important fat in the making of soap, but by means of the 
hydrogenation process, tallow-like product-s are now being made from 
vegetable oils as well as fish and whale oils which are beginning to replace 
tallow in soap making. 

Beef Tallow. The fat from different parts of the animal are, as a rule, 
not kept separate during the rendering, except when the tallow is to be 
used in making oleomargarine. In this case selected fat is rendered at 
as low a temperature as possible. The oleo stock which is obtained 
is usually clarified, as by washing with weak brine. The oil is allowed 
to grain and this then pressed. The fat which is expressed sets to a soft 
buttery consistency and is known as oleo or oleo oil. The residue is in 
the form of hard cakes and is termed oleo stearin or beef stearin. In 
cold weather, when a more liquid oleo oil is required, the pressing is 
not as thorough, so that both products are softer and the yield of stearin 
is greater. All the other fatty portions of the animal are rendered to 
produce the maximum yield of fat. Those form the various grades of 
tallow, most of which goes to the soap maker, but some of the better 
grades are employed for edible purposes. When fresh, beef tallow is 
nearl 3 ' white, odorless and almost tasteless, but the lower grades have a 
strong odor and flavor. A considerable quantity of tallow finds applica¬ 
tion in preparing lubricating greases, and leather dressings. 

Afulton Tallow. As a rule mutton tallow is harder than beef tallow, 
although in other respects it is very similar to it. The methods of render¬ 
ing are about the same as for beef tallow. Mutton tallow tends to turn 
rancid on keeping, and hence is not often employed in butter sub- 
situte manufacture nor preferred in high grade toilet soaps. 

Horse Fats. When in a fresh condition horse fat is of a yellowish color, 
of a buttery consistency, and neutral in reaction. On being allowed to 
stand for some time it separates into solid and liquid portions. It is now 
a commercial article owing to the large consumption of horse meat. In 
some localities it is used for edible purpnjses in place of lard; its chief 
use, however, is in the manufacture of soap. 

The bleaching of tallow is often practiced and fuller's earth is useful 
for this purpose. The following procedure shows the method employed. 
A quantity of tallow is melted and charged into the bleaching tank. 
The latter is steam jacketed and is provided with a mechanical agitator 
or a coil for stirring by compressed air. The tallow is heated to 82** 
C. and 10 pounds of dry salt per ton of fat is added and thoroughly mixed 
by agitation. The salt coagulates any albumen and dehydrates the 
fat. The whole mass is allowed to settle for several hours. Any brine 
which has separated is drawn oflf from the bottom and the temperature 
of the fat then raised to 71° C. Fuller's earth to the extent of 6 per cent 
of . the weight of the tallow is added and the whole mas s agitated about 
thirty minutes. 

The bleached fat, containing the earth, is pumped directly to a pre- 
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viously heated filter press and the issuing clear oil may be run directly 
to the soap kettle. 

One of the difficulties experienced in the operation is the heating of the 
press to a temperature sufficient to prevent solidification of the fat without 
raising the filter press to too great a temperature. To overcome this the 
first plate Ls heated by wet steam. Air delivered from a blower arul heated 
by passage through a series of coils raised to a high temperature is then 
substituted for the steam. The moisture produced by the condensation of 
the steam is reconverted to vapor by the hot air and is carried on gradually 
to each succeeding plate where it condenses and again vaporizes. In this 
way a small quantity of water is carried through the entire press, raising 
its temperature to 80®-100® C. This temperature is subsequently main¬ 
tained by the passage of hot air. By this method of heating, the poor 
conductivity of hot air is overcome through the intennediarj' action of 
water vapor and the latent heat of steam is utilized to obtain the initial 
rise in temperature. The cake in the press is heated for some time after 
the filtration is complete to assist drainage. After such treatment the 
press cake contains approximately 15 per cent of fat. 

Lard. By rendering the fat which surrounds the kidneys anrl bowels 
of the pig a product is obtained known as “leaf lard.” This, however, 
constitutes only a small portion of the product sold under this name. The 
following grades are recognized in the trade: Neutral lard No. 1, which is 
prepared by rendering the leaf in a fresh condition at a temperature of 
50® C. This is used in the manufacture of “oleomargarine neutral lard 
No. 2, which is obtained by rendering the back fat in the same way as No. 1. 
It Ls u.sed by confectioners and biscuit makers. Leaf lard is obtained by 
subjecting the residue from neutral lard to steam heat under pressure. 
Choice keltlc^rendered lard is prepared from the residue of neutral lard No. 1 
by heating it, together with fat from the back, in stearn-jacketed open 
kettles. Prime steam lard is the product obtained from other parts of the 
hog by rendering in tanks by direct application of steam. 

Lard is of a pure white color and has, at ordinary temperature, a 
salve-like consistence. It is often admixed with beef fat, beef stearin, 
cotton seed oil, cotton seed stearin, and other vegetable fats and the 
composition employed as a substitute for pure lard. 

Lard “Compound" is made in enormous quantities by thickening 
edible cotton seed oil with oleo stearin so as to obtain a product of lard¬ 
like consistency. Stearin from other sources similarly may be used as a 
thickener or stiffener and hydrogenated cotton seed oil or “vegetable 
stearin " is now being used for this purpose. 

Butter Fat. This product is obtained from the fat contained in cow’s 
milk, and is used entirely for edible purposes. 

Butter Substitutes. Many of the butter substitutes on the market 
consist of mixtures of animal fats and vegetable fats and oils. They are 
sometimes colored yellow with annatto or oil-soluble yellow. More often 
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no coloring agent is used, as the tax on tlie colored is much greater than 
on file uncolored. The animal fats arc oleomargarine “ oleo oil,” or neutral 
lard, 'riie vegetable oils used are, generally, cotton seed oil and cotton 
seed stearin. Hydrogenated oils are extensively used. In the manufac¬ 
ture of oleomargarine the freshest materials are employed, great cleanliness 
being necessary. Methods of preparing the oil basis as well as the pro¬ 
cedure of working this into oleomargarine vary considerably, but the follow¬ 
ing will illustrate the character of the operation. Kidney fat is removed 
from the slaughtered animal as quickly as possible, carefully selected, 
washed with warm water, and thoroughly cleaned. This selected fat 
is then rapidly cooled, cut, shredded and ground in a roller mill. The fat 
thus disintegrated is placed in tin-lined steam-jacketed kettles and heated 
to 45® C., at which temperature a portion of the fat separates. The mass 
is clarified by sprinkling in salt and the liquid portion is run off into shallow 
tin-lined pans; on cooling, the bulk of the stearin crystallizes. The cooled 
mass is then subjected to hydraulic pressure and oleo oil is collected. 

The oleo oil is churned with the vegetable oils and fats, and with 
“pastevirized” skim milk. The object of churning is to overcome the 
tendency of the oleomargarine to crj’stallize. From the churn the mar¬ 
garine is run into cooling tanks where it comes in contact with ice water. 
The solid mass thus obtained is worked in a kneading machine to remove 
the water, and it is here colored, and salted to taste. Some manufacturers 
also add “butter flavor” which consists, for example, of a mixture of pro¬ 
pionic acid, butyric acid and caproic acid or ethers. This also makes the 
margarine upon analysis appear more like pure butter. 

Kdible oils and edible fats are defined by the Department of Agriculture 
as such glycerides of the fatty acids as are recognized to be wholesome foods. 
They are dry and sweet in flavor and odor. 


Liquid Waxes 

jSpenn Oil. The most important member of this class is sperm oil, 
which is obtained from the head and blubber of the sperm whale. The 
hcatl oil, which is the more valuable, when first separated is clear and limpid, 
but changes to a hard mass on standing. The body oil when fresh is of 
a light straw color. The two oils sometimes are mixed together and 
allowed to stand for two weeks before refining. The solid portion which 
separates is removed from the oil by subjecting to hydraulic pressure at 
32® F. whereby a clear oil is obtained known as “winter sperm oil.” The 
press cake is then warmed to about 60® F., and again pressed, thus giving 
“spring sperm oil.” The residue from the second pressing is allowed to 
stand for several days at a temperature of about 80® F. It is then subjected 
to hydraulic pressure, whereby “taut-spenn oil” is the result. The oils 
obtained from these three pressings vary in color from pale yellow for the 
refined oil to brown in the last-named product. No. 1 sperm oil is a high 
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grade of body oil and is von- pale, almost water white in color. Xo. 2 
sperm oil i.s darker and usually has an orange color. 

The specific gravity of .sperm oil at 15^ C. varies from 0.8799 to 0.8885; 
(0.8820 being a fair average value) it.s saponification value from 125.2 to 
132.6; and its iodine value from 81 to 90. It is use.l as a lubrieating oil 
and in leather fini.shes. Ihe extent of the latter use dep(-nds upon the 
price of lard oil. Sperm oil contains practically no gl^-cerides. It can be 
readily solidified by hydrogenation. 

The term “spermaceti" i.s sometimes commercially use<l to refer either 
to the head oil containing spermaceti, or to the hea<I oil with its content 
of spermaceti mixed witli a certain amount of botly oil. 


Solid ^^’AXES 

Carnauha TT’or. This is a verj- hard, sulphur-yellow, or 3-elIowish-green 
substance, melting at about 84® C., of nearly the same specific gravity as 
water, and leaving, on ignition, a trifling quantity of a.sh, which often 
contains iron oxide. It i.s a wax wliich exu<les from the leaves of the Corypha 
ccrifrrn, a palm tree growing in Brazil and a few’ other South Arnerie.an 
countries. The white pow<ler>' mass which i.s scraped olT from the sun- 
dried leaves i.s thrown into boiling w.ater, tints melting the wax which 
collects as a solid mass on cooling. The crude product is dark in color, 
but on refining becomes much lighter. It has a specific gnivity of from 
0.990 to 0.999, the saponification value being from 79 to 95, ami the iodine 
number about 13.5. When heated the wax gives off an agreeable aromatic 
odor. The principal u.sc of carnaiiha wax is in floor waxes, polishing pastes 
and for raising the melting point of soft w'a.xes. It is sometimes used in 
phonograph cjdinders and for candlemaking. 

Cantlelilla Wax. This wax Ls found coating the surface of a plant 
which grows in great abundance in the nortlnvest of Mexico and Southern 
Texas, The common name given to this plant b 3 ' the Mexicans i.s cande- 
lilla. According to competent botanical authorities it is in all probability 
Euphorbia anlisyphilitica. The plant (which is reported to be abundant 
over hirge areas of this section w'hcre it grows as bunches of loalle.ss, rced- 
like stems 2 to 4 feet high and from i to | inch in diameter) is covered w'ith 
waxy scales wliich appear to liave the function of scaling moisture W’ithin 
the plant structure. The w'ax is partly in combination with lime, and 
extraction is effected by boiling with a 2 per cent solution of sulphuric acid. 
Several factories are operating in Southern Texas and in the Chihuahua 
region of Mexico. The wax may also be obtained by immersing the plant 
in boiling water when the wax separates and rises to the surface. Obtained 
in this manner it is usually of a dark-brown color due to the presence of 
minute fragments of bark and other foreign matter, ^^'hen refined the 
wax is opaque to translucent and of a brownish yellow color. The wax is 
harder than beeswax but not as hard and brittle as camauba wax. The 
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specific gravity of the well-refined wax is 0.983, melting point 67 68® C., 
saponification value 65, iodine number 37, and the refractive index 1.4555 
at. 71.5® C. Candelilla, like carnauba wax, is used in polishing composi¬ 
tions and for raising the melting-point of softer waxes. 

Japaji lUnj-. This is a hard tallow-likc mass which surrounds the 
kernels of the berries of several varieties of sumac trees found in China 
and tlie western provinces of Japan. The berries are collected and stored 
until they have fully matured, then are crushed and winnowed to separate 
the husks. The powdered mass so obtained is put into sacks and subjected 
to pressure. The berries yield from 15 to 25 per cent of a greenish, tallow¬ 
like mass whicli is refined by remelting and filtration. The wax is bleached 
by exposure to sunlight, just as is done in the case of beeswax. Japan wax 
brought to this country is usually of a pale yellow color and although quite 
hard has a slightly sticky feel and possesses a characteristic odor. When 
the wax has been kept for a long period it acquires a rancid smell. It is 

said that perilla oil is used as an adulterant. 

Japan wax consists chiefly of palmitin and free palmitic acid. The 
free fatty acids vary considerably, but range from 4 to 12 per cent or 
higher. The specific gravity ranges from 0.976 to 0.984. The sapon¬ 
ification value is about 220 and the iodine number from 4 to 15. Being 
a glyceride Japan wax is readily distinguished from the true waxes by 
its saponification value and by yielding glycerine on saponification. The 
wax is sometimes adulterated with a considerable proportion of water 
ranging as high as 30 per cent. Its principal use is in floor waxes, as a 
constituent of various polishes and dressings and in finishing leather. 

Chinese Wax. This material, also known as insect wax, is a secretion 
of an insect inhabiting a variety of evergreen tree found in China. The 
wax is yellowish white in color and is nearly odorless and tasteless. It 
resembles spermaceti in appearance, but is considerably harder. Insect 
wax is used for making candles, for polishing purposes and as sizing for 
paper and cotton goods, but on account of its extensive use in China 
it does not find its way to our country to a large extent. 

Myrtle or Bayberry Wax. The wax is obtained by boiling the berries 
of various species of Myrica with water. The wax has a green color due 
to chlorophyll, but may be bleached on exposure to sunlight or air. The 
fatty acids of this waxy material consist chiefly of palmitic acid. The 
saponification value is 205 and the iodine number 2-4. The wax is prized 
for use in the manufacture of so-called bayberry tallow candles. The 
production of these candles forms a minor industry on Cape Cod, Mass., 
&Dd clsowliGrG* 

Wool Wax, Lanolin. In the scouring of wool, preparatory to spinning, 
a product called wool fat or wool wax is obtained. This is usually 
removed from the fleece with solvents. The crude product finds appli¬ 
cation in the currying of leather; while the purified product is used in 
pharmaceutical preparations. The preparation of purified wool fat is a 
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complicated operation and much secrecy is maintained with regard to 
the precise methods employed. In addition to wool fat of this character 
there is also a so-called <legras which is recovered from the suds of wool 
washing machines an<l contains the fatty acids of the soaps used in scour¬ 
ing the wool. Mixtures of wool fat and degras with stearin and some¬ 
times paraffin wax are found in the market under various trade names 
and find their chief use in the leather industry. A good grade of lanolin is 
now made in this countrj'. 

Beeswax. This product is secreted by the honey bee, and scr\'es as 
the material for buiUling up the honeycomb. The comh is melt(‘d in 
hot water, strained to remove impurities, and subjected to hydraulic 
pressure. The press cake is boiled a sccorul time and again pressed. 
Beeswax is of a yellow color, ami practically tasteless. 

Spennaceti. This wax occurs in the head cavity and the blubber of 
the sperm wliale. Its chief constituent is cetyl palmitate. Its method 
of preparation is indicated under spenn oil, of which it constitutes the 
largest part of the solid portion. In the refined condition it forms white 
lustrous masses, is ver>' brittle and can be easily rubbed into a powder. 
Its chief use is in the manufacture of candles. 

Shellac TEax. In bleaching shellac the raw lac is di.ssolved in aqueous 
alkali and a hard wa.xy material separates which Is much prized for use 
in polishing compositions and shoe blackings. The wax resembles car- 
iiauba wax in polishing qualities. Shellac wax possesses a brown to yellow 
color and when heated gives off an odor suggestive of shellac. 

MotUan TEax. By extraction of the lignites found in Saxony and 
Thuringia by means of vohitile solvents, a waxy material known as 
montan wax is obtained. Montan wax resemblc.s beeswax in its resistance 
to saponification. It consists, essentially of esters of monohydric alcohols 
and acids of high molecular weight. There are three grades in commerce: 
crude; distilled; refined. The crude wax is of a dark brown color, but 
by distillation with superheated steam a white or nearly white product 
molting above 70® C., is obtained. Montan wax is finding a constantly 
increasing field of application as a substitute for carnauba wax in shoe 
polishes and other polishing preparations and for raising the melting- 
point of softer waxes. For some purposes it is preferred to carnauba wax 
owing to its lighter color. 

Non-in/larnmable Artificial lEox. The substances to which have been 
given the trade names of Halowax Oil and Halowax, are chlorine sub¬ 
stitution products of naphthalene having the properties of non-inflamma¬ 
bility, high boiling points, and a wide range of melting points. One of 
them, Halowax Oil, remains fluid at very low temperatures, and is 
heavier than water. The others are wax-like substances, some highly 
crystalline and others nearly amorphous; they have a faint aronmtic 
odor sometimes suggestive of naphthalene. All of these are insoluble 
in water and arc quite inert to most aqueous acid and alkaline solutions. 
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They arc more or less soluble in common organic solvents, such as benzol, 
carbon tetrachloride, acetylene tetrachloride, gasolene, naphtha, acetone, 
liot alcohol, etc. They arc all good solvents for sulphur and chloride of 
sulphur when heated therewith. The melting point of the solid forms 
varies between CO® C. and 135® C. The boiling point varies between 
260° C. and 400® C. They are all good electrical insulators. When in 
the fluid or molten state, they are of very low' viscosity and readily impreg¬ 
nate cellular tissues and porous bodies. "Wood and fabric when impreg¬ 
nated with these bodies become non-inflammable. The higher chlorinated 
products are especially efficient in rendering organic bodies non-inflam¬ 
mable. A notable property of some of these chlorination products is 
their small contraction during solidification, and their low coefficient of 
expansion, compared with natural waxes. 

For a more detailed account of the properties, preparation and uses of 
oils, fats and waxes consult “Chemical Technology and Analysis of Oils, 
Fats and Waxes,” J. Lew'kowitsch, Fifth Edition. 

Refining Vegetable Oils. If an oil is usually treated in some special 
way this will be mentioned under the head of the oil in question. The 
following procedure is applicable for refining cotton seed, com, soya bean, 
peanut and other oils. The practice varies considerably in the hands of 
different operators but in general the method consists in adding to the oil 
a quantity of a solution of caustic soda just sufficient to combine with the 
free fatty acids and fomi a soap. The latter separates from the oil and in 
precipitating occludes and drags down much of the foreign matter, leaving 
the oil considerably lighter in color and substantially free from fatty acids. 

The soap also carries with it a certain amount of unsaponified oil and 
this mixture of soap, oil, coloring matter and impurities is called soap 
stock. It settles to the bottom of the refining kettle and is drawn off to 
be worked up into laundry soap or fatty acids. Recent practice provides 
for centrifuging the soap stock to separate oil. This step enables a recovery 
of about 60 per cent of the unsaponified oil contained in the soap stock. 
The refining kettle is equipped with a mechanical agitator or a coil through 
which compressed air may be admitted to the bottom of the kettle. It 
is necessary to stir the oil vigorously when the alkali is added as its even 
distribution throughout the oil is a matter of importance. Kettles equipped 
with mechanical agitators are generally used. The t)T>e of stirrer varies 
from simple paddles to a vertically set spiral conveyor type of agitator 
which accomplishes a thorough mixing of the top and bottom layers. The 
amount of lye added to the oil is dependent upon the content of free fatty 
acids of the oil and an analysis always should be made in advance of refin¬ 
ing for the purpose of calculating the quantity of alkali. The strength of 
the caustic soda solution will vary from 16®-24® B6.; the lower the grade 
of oil, the stronger the solution as a rule. An initial temperature of 70° to 
75° F. should be maintained during the period of addition of the alkali. 
As the refining kettle is provided with steam coils, these may be used when 



OILS, FATS AND WAXES 


955 


neccssarj- for cooling purposes. The caustic solution then is a<l(le<l with 
vigorous stirring and the agitation continued for a half liour before turning 
on steam and raising the temperature for the finishing .stage. A few min¬ 
utes after the introduction of the caustic solution the appearance of the 
oil changes. The oil Ix'comes more fluid and turns to a browni.dj or black 
shade in the course of 15 or 20 minutes. When a Siunple .show.s a clear 
bright oil canning a blackish floe the oil has reached the stage of “break¬ 
ing” which is an indication that sufficient caustic soda has been added. 
Steam is turned into the coils an<l tlie oil, undergoing gentle agitiition, i.s 
heated to a temperature of about 
120® F. The floes or clots collect and 
settle readily, ^\'hen refining a good 
grade of cotton seed oil, the temper¬ 
ature should not exceed 120® F. 
during the finishing operation but 
with poor grades of oil it is sometimes 
necessary to raise the temperature 
even as high as 140® F. The time 
required for the operations de.scribed 
alx)ve is approximately forty-five 
minutes to one hour. 

After settling, the clear oil is draT\’n 
from the n‘fining kettle by means 
of a swinging suction pipe, into a 
settling tank. In some ca.ses the oil 
is washed with water to remove traces 
of a Ik ali. With oils of medium 
quality usually this is not necos.sarj' 
and it suffices to add a .small amount of 
plaster of Paris to absorb moisture 
arul fuller’s earth to brighten the oil, 
and then to pump it through a filter 
press, thence into storage tiinks. 

Fig. 341 shows the arrangement Fi«. 341. 

of refining apparatus, L being the lye 

tank, H the refining kettle, S the settling tank and F the foots or soap 
stock tank. 

Bleaching Oils with Fuller’s Earth. So extensive has the practice of 
u.sing fuller’s earth as a bleaching agent become that this earth is by far 
the most important oil-bleaching medium employed at the present 
time. 

Fuller’s earth is a variety of clay that has high capacity for ad.sorbing 
basic colors and can remove these colors from solution in animal, vegetable, 
or mineral oils, as well as from some other liqui<ls, especially water. It is 
valuable when its adsorptive powers are strong enough to permit it to 
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compote act ivoly with fuller’s earth already accepted as of standard quality 
for refining oils. 

Analyses of various samples of fuller’s earth vary so greatly that chem¬ 
ical analyses are now well undei-stood to be no criterion whatever in 
determining whether or not a particular clay shall be classified as a fuller’s 
eartli. Like all other clays, fuller’s earth is a hydrous aluminium silicate 
containing small proportions of other substances. Most fuller’s earths 
contain a higher percentage of water of composition than most clays, but 
this water is not an essential factor in the bleaching properties of all fuller’s 
earths; some bleach fully as well after it has been driven off as before, 
and others lose much of their bleaching power when this water is removed. 

Though .samples of fuller’s earth from different parts of any one deposit, 
or indeed from any one locality, are much alike, samples from different 
localities are so different in their physical properties that it is by no means 
easy to classify them. To detennine whether or not a particular clay is a 
fuller’s earth is no simple matter, for its bleaching power is practically the 
only characteristic by which it may be identified. 

The range of specific gravity of fuller’s earth is much the same as that 
of other clays, although the apparent specific gravity varies widely, owing 
to variations in porosity. Fuller’s earth, as a rule, is lighter and more 
porous than other clays. However, both the English earth and the 
Arkansas earth, when dry, are fully as dense as ordinary clay. The volume 
that a given weight of fuller’s earth occupies varies widely, and a cubic foot 
of dry, ground fuller’s earth from Georgia or Florida weighs only a little 
more than half as much as a similar volume of English or Arkansas earth. 
This fact should be taken into careful consideration in applying fuller’s 
earth to the bleaching of oils, for if the same measures are used in a com¬ 
parative test of different fuller’s earths no valid conclusions can be reached. 

Most samples of fuller’s earth give more or less taste and odor to edible 
oils but they vary greatly in this respect. For many years the English 
earth was preferred chiefly because it gave little such effect. Methods for 
removing taste and odor are now well known to all oil refiners, so that the 
question is not so important as formerly. 

Why taste and odor should be imparted to oil by fuller’s earth is not 
known, but it certainly is not generally due to any soluble material in the 
earth, but rather to some oxidizing action upon the oil itself. This property 
appears to be connected with the “acidity” of the earth, for if fuller’s 
earth is treated with lime water this action is greatly reduced. Unfortu¬ 
nately, the bleaching power is destroyed at the samet ime. Certain fuller’s 
earths have so marked an oxidizing action on edible oil that they cause the 
oil to catch fire spontaneously when air is blown through the filter presses 
to remove the adhering oil, as is done in practice. This property is fatal 
to the use of a fuller's earth in refining edible oils, for beside fire risks to 
buildings it invariably destroys the cloths of the filter presses. Fortunately 
only earth from one or two deposits has this property highly developed. 
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The method uso<l in bloachinR edible oils is essentially the same in 
general principle for all oils, but differs in detail. The temperature at 
wliich the l>leaching takes place and the proportion of earth used varj' not 
only with everj' oil, but also in the practice of the various refining planUs 
as applied to similar oils. As cottonseed oil is In- far the most important 
of those oils to which the process of refining is applied, it can best serve as 
an example. 

Cnule cottonseed oil is not affected by fuller’s earth and it must first 
be subjected to the usual treatment with an alkali, which removes the fatty 
acids and at the same time converts the coloring matter into basic 
fonns. 

Partlj-- refined samples of different cottonseed oils require ver 3 ’ different 
quantities of the same fuller's earth to removt* the color. Accordinglv, in 
the best practice, the oils that will require the lejxst quantity of fuller's 
earth arc selected by laboratorj' tests for bleacliing. 

With the finest qualities of cottonseed oil as little as Ij per cent of the 
best fuller's earth maj’ give an effective bleach; with others as high as 6 
per cent is r<*quired. Probably 3 per cent of fuller’s earth is a fair average 
for bleaching cottonseed oil at the prc.sent time. The proj)ortion of earth 
used also depends upon the temperature to which the oil is heated before 
treatment, although too great an increase in temperature may have a 
deleterious effect on the oil. In fact, it has been the practice of one plant 
to use in bleaching oils of special quality as much as 10 per cent of fuller’s 
earth and a very low temperature. 

In ordinary' practice a measured quantity of the dry cottonseed oil is 
placed in a large vat containing steam pipes and heated to near the boiling 
point of w’ater. The oil is then rapidly stirred by paddles and the neccssar>' 
measured quantity of fuller's earth is added. Within one or two minutes 
the fuller's earth has been thoroughly mixed with tire oil by the rapid 
agitation. The mixture is then run immediately to the filter presses and 
the fuller’s earth filtered out. The quantity of oil for a single oj^eration 
is so gauged that when all of the oil taken has passed through the filter press; 
the press itself is charged with fuller’s earth and is ready to be opened. 
Before the press is opened, as much oil as possible is blown out with steam 
and the oil is generally further removed by blowing air also through the 
press. 

The color of the oil after treatment with fuller’s earth is greatly reduced 
and its standard is determined by means of the tintometer. Treatment 
with fuller’s earth, however, besides reducing the color, also gives more or 
less taste and odor to the oil, which must be removed before the oil can 
be marketed. 

This taste and odor is developed in oil by any fuller’s earth so far found, 
but the extent of the action varies greatly with fuller’s earth from different 
localities. English earth was long in special favor for refining edible oil 
because it imparts comparatively little taste and odor, but there are domes- 
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tic earths that are equal to English earth in this respect, and just as good 
as regards bleaching qualities. However, tiie earths that bleach oil the 
best almost invariably give the greatest taste and odor to the oil, hut this 
is not now nearly so serious an olgection as formerly, as methods for 
removing taste and odor from edible oils arc well known. 

In tlie treatment of lard and lard oil it is seldom if ever necessary to use 
more tlian 1 per cent of fuller’s earth and generally the lard is not 
deodorized afterwards. 

In detennining tiie decolorizing power of fuller’s earth for use for edible 
oils a quantity of oil should first be selected which is siifiicient for all of 
the tests to be made, as different samples of oils are bleached very differently 
by the same eartli. \\ ith cottonseed oil a definite quantity of oil is weighed 
or measured, placed in a beaker, and heated (preferably in a water bath) 
to 100® C. The s;unple of fuller’s earth unless already ground, is first care¬ 
fully pulverizetl, preferably in a coffee mill, to pass a 100-mesh sieve. A 
portion of the pulverized sample, ordinarily 5 per cent of the quantity of 
oil taken, is weighed and stirred into the hot oil. The stirring is continued 
for three minutes. The mixture is immediately filtered into a sample 
bottle, such as is universally used in testing for oil color. If at the same time 
it is desired to detennine the quality of the earth as regards its action in 
the filUir presses, its filtration should take place on a Biichner funnel, using 
suction. If the question of filtration is not of moment, it is usually simpler 
to filter through an ordinary steam-jacketed funnel, using filter paper. A 
portion of the siime sample of oil is then treated with a sample of standard 
fuller’s earth, for which purpose the English earth is universally used, and 
the colors of the two oils obtained are compared in a colorimeter by means 
of Lovibond color glasses. The only glasses required are the red and 
yellow series. (Parsons.) 

Recently, acid-treated bentonite has been recommended as a satisfac¬ 
tory bleaching agent for oils. 

Bleaching. In bleaching vegetable oils the use of a small amount, 
say i of 1 per cent of decolorizing carbon or “black bleach” is desirable. 
In fact with this amount of the black bleach and 3 per cent of fuller’s earth, 
bleaching effects are obtained commensurate with those secured with 6 
per cent of the earth alone. 

Before the fuller’s earth is added care should be taken that the oil is 
well freed from moisture. Thus the oil may be heated to expel moisture 
or it may be dried with plaster of Paris. To accomplish this the oil is 
heated to 160° F. and about J of 1 per cent of plaster of Paris is added 
and the oil agitated. The oil containing the plaster of Paris is then heated 
to 180°—200° F. and the fuller’s earth is added. The oil is agitated 
thoroughly for twenty to thirty minutes when the bleaching treatment 
is finished and the oil is pumped through a filter press to remove the 
fuller's earth. The firet runnings from the press are carried back into the 
bleaching tank. After filtration the press is blown with air, then with 



OILS, FATS AND WAXES 


959 


steam and finally with air to cool the press in order that it may be 
opened and the spent fuller’s earth removed. 

The bleaching treatment may be carried out in a tank fitted with an 
agitator such as is shown at R, Fig. 341. A better type of bleaching tank, 
however, is that sliown in Fig. 342. This tank i.s e(jui[)pe(l with a hori¬ 
zontal agitator wliich ser\-es effectively to raise the fuller’s earth from 
the bottom of the tank and keep it in suspension. 

Chemical bleaches likewise may be used, but these usually impair 
the flavor of the oil and are not gcnenilly looked upon with favor by 
nmnufacturers of edible oiks. Sometimes the crop of seed is so poor that 
fuller’s earth proves ineffective ns a bleaching agent and has to be .supple¬ 
mented by a chemical bleach. Treatment with chloride of lime and mineml 
acid, followed by tliorough washing, affords a bleached oil whicli siitisfies 
many industrial requirements. Chlorophyll in .small quantity is .sometimes 
added to improve the color. To obtain a “red” oil for margarine manu¬ 
facture affording the de.sired shade 
of yellow to the finished margarine, 
without use of dyes, the oil is treated 
with sulphur, or nitric oxide. 

Deodorizing. Oil which is being 
prepared for edible purpo.ses u.'^ually 
requires deodorization. This is 
effected by subjecting the well- 
refined oil to the action of super¬ 
heated steam under reduced atmos¬ 
pheric pressure. The treatment Fio. 3-12.— lilcachini? Oils, 

is carried out in either vertical or 

horizontal tanks. A vertical type of apparatus is shown in Fig. 343. 
A is a deodorizing tank having the heating coils B and a steam inlet C 
terminating in the distributor D. Eisn pipe for the admission of oil and 
F is a draw-off pipe for the deodorized product. G is a cooler for quickly 
reducing the temperature of the finished deodorized product. A vacuum 
is secured by the water leg K which is of sufficient height to “pull” a 
vacuum of at least 20 ins. mercury. In place of the water leg a pump 
may be employed to secure the reduction in pressure. The higher the 
vacuum produced the better the re-sult, and in fact more dependence is 
usually placed on high vacuum than on the effect of the superheated 
steam. A charge of oil is heated in the tank A to a temperature of say 
400° F., tlie temperature varying more or less according to the nature of 
the oil. Superheated steam is passed through the oil at such a rate that 
the vacuum gauge indicates a degree of exhaustion of 20 ins. or more. 

When the oil has been sufficiently freed from odoriferous constituents 
it is withdrawn through the cooler G and discharged from the outlet // 
into storage tanks. Sometimes two deodorizing tanka are coupled in such 
a manner that they may be operated in series which enables a saving in 
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steam to be made. Before the withdrawal of the oil from the tank A 
the valve J should be closed and not opened until a fresh charge of oil has 
been introduced. It is desirable to keep air from entering the tank, 
because any residual oil therein would quickly become rancid and render 
frequent cleaning of the apparatus necessary. Also it is desirable to 
quickly cool the oil after its withdrawal from the deodorizer in order that 
the flavor may not be impaired. 

Fig. 344 illustrates a horizontal type of deodorizer. The tank A is 
equipped with a series of coils B used both for heating and cooling pur¬ 
poses and inlets for live steam C. 
The outlet at the top of tank is con¬ 
nected to a vacuum pump which gives 
a higher vacuum than is obtainable 
by the use of a water leg. In some 
plants it is customary to use both a 
vacuum pump and water leg. By 
means of the steam coil the oil may 
be heated to about 230® F., where¬ 
upon superheated steam is blown 
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Fia. 343. Fio. 344.—Deodorizing Oils. 

through perforated pipes in the bottom of the tank and the temperature is 
brought to about 350®-375° F. The oil is subjected to steam at this 
temperature for a period of six to eight hours. Water then is run through 
the coils to cool the oil to a temperature at which it may be withdrawn 
from the tank and exposed without danger of alteration of flavor. Ordi¬ 
narily, plain steel tanks are used for deodorizing purposes but in some cases 
tinned or enameled iron is employed. 

Making Winter Oil. The market brands ‘^summer oil” and “winter 
oil” differ from each other in that the latter has most of the stearin 
removed; so that the oil does not solidify during the colder months. 
Winter oil is sometimes spoken of as “demargarinated.” It is manu¬ 
factured on a very extensive scale in this country by cooling the oil, 
filtering off the solid deposit and pressing. 
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Appanitiis for making winter oil is shown (liapcrammatically in Fij;. 315. 
An instilaUni tank A contain a series of cooling; coils indicated by li. In 
the lower part of the tnnk is an air pipe C. D is a draw-off communicating 
with a distributing tank E. The outlet F at the bottom of the latter tank 
serves to distribute the chilled oil to filter presses where the stearin is 
removed. The operation of making high-gmde winter oil calls for great 
care and watclifulne.ss. In brief, the procedure consists in chilling the 
summer oil in the tank A wliile taking temperature observations at regular 
intervals. Analogous to the titer test, control may be liad by ascertaining 
the fall and subsequent rise in temperature which occurs during the 
operation. At first the temperature falls 
until stearin commences to separate, then 
a rise occurs due to such separation. At 
intervals air is blown through the oil to 
agitate it thoroughly. Finally when the 
thermometer remains statiemarj' for a 
sufficient interval the chilling stage is 
ended and the oil is discharged into the 
distributing tank E and is passed onward 
to filter presses where the stearin is re¬ 
moved and winter oil collected. 

The foregoing method is probably 
the njost economical one in preparing 
winter oil on a small scale but when large 
quantitites of this oil are reejuired a better 
procedure is to expo.se the oil in tanks in 
a refrigerated room to a temperature of 
about 40® F. The oil is .stored here for a 
period of about ten days during which 
time the stearin sep)aratca and settles. 

The clear oil is rem<»ved by means of a 
suction swing-pipe and is pumped through 
a filter press to remove any suspended 
stearin. The filtered oil Is winter oil and is conveyed to the deodorizer. 
Heated oil is run through the filter press to remove the accumulation of 
stearin. The tanks in the chill room are refilled with fresh oil without 
removing the stearin and the same operation is perfonned as before. 
When the quantity of stearin accumulated in the tanks is sufficient, it 
is removed by pumping and Is usTially employed in making lard com¬ 
pound; sometimes, however, it is deodorized and used as a cooking oil. 
The stearin obtained in this way should not be confused with the hard 
stearin products obtained from beef fat and by the hydrogenation of 
vegetable oils. 

At ordinary room temperature cotton seed stearin is liquid or exhibits 
a consistency resembling soft butter. 
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CHAPTER XXX 


LmSEED OIL 

G. W. THOMPSON, 

Chief C/temisi, Xutumal Lead Company 

Linseed oil is obtained from the seed of tlie flax plant. Technically, 
domestic seed is usually known as flaxseed, and the imported seed as 
linseed. The flax plant is remarkable in that it is grown for either its fiber 
or its oil; but, apparently, it can not be grown for both at the same time. 
If grown for seed, the fiber is of small value; and if grown for fiber, the 
seed is immature. It is also remarkable for the range of climate in which 
it can grow. It is grown in Nortli Dakota, Northern Russia, Argentina, 


THE WORLD’S PRODUCTION OF FLAXSEED BY 
THE CHIEF PRODUCING COUNTRIES 



1913 

Bushels 

1922 

Bushels 

1930 

Bushels 

North Dakota. 

7.200,000 

3,600,000 

3,150,000 

3,060,000 

300,000 

263,000 

126,000 

54,000 

50,000 

50,000 

4,845,000 

605,000 

3,100,000 

1,539,000 

120,000 

83,000 

52,000 

24,000 

8,208,000 

1,776,000 

7,320,000 

3,086,000 

270,000 

240,000 

108,000 

168,000 

17,000 

Montana. 

Minnesota. 

South Dakota. 

Kansas. 

Iowa. 

Wisconsin. 

Nebraska. 

Missouri. 

Colorado. 


Wyominif. 

7,000 

135,000 

41,000 

North Carolina. 


IT. R. A.— 



17,853,000 

17,539,000 

30,600,000 

21,428.000 

22,000,000 

10,375,000 

4,901,700 
36,048,000 
17,360,000 
No figures 
available 

21,369,000 

4,400,000 
68,894,000 
14,960,000 
• 30,820.000 

13,338,000 

Canada. 

Arcscntinxi. 

India. 

Russia (ostiinatcd).. 

Other countries.... 

E^ticnated ^Vorld total • . .. 



118,420.000 

68,684,700 

(Excluding 

Russia) 

•153,781,000 



* L4*t ftVftjUble figure*. 
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Southern Russia, and India. The flax plant has the reputation of poison¬ 
ing the soil where it has been grown for any length of time. Professor 
Bolley of the North Dakota Agricultural Station has stated that this 
poisoning is duo to bacteria and that it can be avoided, largely, by using 
seed on which the bacteria have been killed by formaldehyde, by avoid¬ 
ing contaminated seed, and by using seed which has been rendered immune 
by a selective process of growth. 

A bushel of flaxseed weighs conventionally 56 lbs. The quantity of 
oil in clean, hand-picked seed varies with the locality of its production 
and the size and maturity of the individual seeds. The following figures 
give the approximate range of oil contents, as determined by careful extrac¬ 
tion, in clean, hand-picked seed from various sources: 

North American seed. 36.50-40.00 per cent 

Calcutta and Bombay seed. 37.50—12.00 

Argentine seed. 36.00-39.00 



Methods of Manufacture. Linseed oil is manufactured to-day in three 
different ways. 

1. By the Old Method of grinding, heating, and pressing by hydraulic 
pressure—the residue being left in the form of cake, known as linseed oil 
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cako. I h(' tornporaturo of tlu* meal, as it k'a\'os fho h(*ators. varies Of)iisi<l- 
craljly in practica*. I fie* meal ctin !)(' run <’ol<l an«I col<i-pres>e<l linseed 
oil produced, or the lieat can be as hi^h as IsO'’ I . In ordinan,- practice, 
the heat is something over ICO® V. 'I’lie oil left in the cake runs from 5.5 
to 0.5 jier ctuit. 

2. B}' the Anderson Kx'peller Mill, in which the meal is heated only 
slifihtl}’and i.^ forced by a screw t hrouKh .a conical f;ratiii^--the oil coming 
tlirough the grating, and the meal, formed into scales like cocoaiiut shi-lls, 



Fia. 347.—Flux.sccd Cnistiinj' Rolls. 


coming out at the end of the cxpeller. The oil left in the scales or shells 
sometimes exceed 8 per cent. 

3. By the Extraction Proces.s, wherein tlic ground seed is leached with 
light petroleum naphtha, which dissolves the oil, leaving a meal containing 
usually less than 4 per cent of oil. The naphtha extract is distilled, the 
naphtha recovered and used over again, and the linseed oil obtained as 
a residue from this di-stiilation. 

All three processes give commercially pure raw linseed oil. The rela¬ 
tive values of these products are not far apart. 

Characteristics of Linseed Oil. Linseed oil is a saponifiable oil—that is 
to say, it contains radicals of fatty acids and glycerine in combination. 
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Under the influence of alkali it is decomposed—glycerine is liberated and 
soap is fonned. The fatty acids of linseed oil give it its character. Some 
of these acids are what is known as " unsaturated/’ that is, some of the 
chemical bonds are unsatisfied. This gives linseed oil its power to absorb 
o.vj'gen from the air, the oil increasing in specific gravity and, ultimately, 
if exposed in thin films, becoming changed into a hard, homy mass. In 
this drying” operation, the change is not, however, one of simple oxida¬ 
tion, although that is probably what takes place initially. During the 
oxidation, carbonic acid and water are given off, together with other gases 
and volatile substances. 

In the drj’ing of linseed oU it has been generally recognized that it 



Fig. 348.—Heater and Cake Former. 


increases in weight and also in specific gravity. Sabin has shown, how¬ 
ever, that the increase in weight only takes place up to a certain point, 
after which there is a loss in weight, so that at the end of 180 days, in his 
experiment, the linseed oil had come back to its original weight. Inasmuch 
ns the oil had increased in gravity, there was an actual loss in volume 
during the oxidation changes which took place. 

It is convenient to consider the product of the drying of linseed oil 
under the single name linox3Ti. ” This product, however, contains many 
components and it would appear that the oxidation process is continuous 
and perhaps never complete. Dried linseed oil—linoxyn—is tough and 
clastic and is the principal component, in volume, of almost all dried paint 
films. 



LINSEED OIL 


9<)7 

The chemical components of raw linseed oil are only approximately 
known. It is believed to be conipo.sed of the {glycerides of the followinfj 
fatty acids: 

Palmitic Acid, C'i.;H3202. About 5.0 per cent of its filvceride is pre.s- 
ent. Palmitic acid is a saturated acid of the acetic series. 

Myri.stic Acid, Cull 2 s() 2 . About 5.0 per cent of its Rlycoride is pro.s- 
ent. Myristic acid is a saturated acid of the acetic series. 

Oleic Acid, C'ikH 3402 . A small amount of this acid is probably pres¬ 
ent. It is the characteristic acid of the C'„H 2 n -202 series. 



Fig. 349.—Hydraulic Press. 

Linolic Acid, CisH3202. It is the charactcri.stic acid of the C„H 2 f>- 1 O 2 
series. 

Linolenic and I.solinolenic Aci<l.s, both of the formula, C 1 SH 30 O 2 . 
They arc characteristic of the CVH 2 ,^_o 02 scries. 

The pcrcentjiges of the glycerides of linolic, linolenic, and isolinolenic 
acids present in linseed oil differ in the opinion of various investigators. 
(See Ix;wkowitsch, Vol. II, pp. 61-63, 1922, Si.xth l^dition.) 

liitw and unrefined linseed oil, as usually produced, contains a small 
amount of mineral matter consisting of phosphates of calcium and mag¬ 
nesium in combination with non-oleaginous organic matter, probably car- 
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bohydrates (mucilage), which are present so abundantly in flaxseed. 
When such an oil is lieated to something over 350® F., it is said to 
“break. “ The oil thickens and becomes filled with a cloud. If this cloud 
is filtered out and washed with petroleum ether, it is found to be composed, 
to a large extent, of the phosphates referred to above—the oil itself has 
become freed of these phosphates. The amount of ash in raw and unre¬ 
fined linseed oil runs from 0.08 to 0.25 per cent. 

A measured gallon of linseed oil weighs 7.78 lbs. Custom, however, has 
established the practice of selling linseed oil on what is called the “weighed 
gallon ’’ of 7.5 lbs. This, however, relates only to oil sold in lots based on 
barrel deliveries and not to the small quantities sold in the retail trade. 

Linseed Oil in Paints. The use of linseed oil in paints has for its pur¬ 
pose the binding together of the particles of pigment into a more or less 
solid mass when the paint is dried by exposure to the oxidizing influence 
of the atmosphere. The degree of gloss which a dried paint possesses is 
mostly dependent upon the relative amount of oil present,—thus, in gloss 
paints, considering only the oil and the pigment, the percentage of oil by 
volume is usually something over 66 per cent, the pigment being something 
under 34 per cent, whereas in paints having a low gloss, known as “flat 
paints, considering only the oil and the pigment, the percentage of oil by 
volume may be less than 50 per cent, and the pigment over 50 per cent. 
In some flat paints there is less binding material than this, but good results 
with respect to wear are not obtained in this way. 

Linseed oil, as produced by the old process and the Anderson Expeller, 
is somewhat cloudy as it comes through the press, due to suspended par¬ 
ticles of linseed meal. The oil is usually run through cloth-covered filter 
frames, which remove the suspended matter. A certain amount of muci¬ 
lage, however, remains dissolved in the oil, which may settle out, on 
tanking, in the form of “foots” so that the best practice is to allow Unseed 
oil to cool in tanks, after which it is filtered through paper before shipment. 
Even then, linseed oil will, on standing, tend to show a small separation 
of foots, which may accumulate in the bottom of barrels or tanks. For 
most industrial purposes the oil should be as clear and" free from foots as 
practicable. In certain kinds of paints, however, such as roof paints, the 
linseed oil foots are less objectionable, and it is customary to use foots in 
the preparation of such paints. 

Color of Oil. The color of raw linseed oil varies somewhat according 
to its origin. Oil from East Indian seed is comparatively light in color, 
while oil from seeds grown in colder climates is about the color of amber. 
This color is due to certain resinous substances present, principally in the 
shells of the seed, which, in the process of crushing become dissolved in 
the oil. Under the influence of Ught, linseed oil bleaches out, the brown 
tone disappearing, and the yellow also becoming reduced in intensity. 
For this reason, the color of the oil used in paints to be exposed to the sun¬ 
light, as in the case of exterior paints, is of small importance. Even in 
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white pnints. tlio oil hleaelies out uruler tfie influence of the sunlight an<l 
does not affect unfavorahly the color tlie paint. In paint u.sed on 
interiors, this is not the case, however, and it is usual to select oils lijiht in 
color, which lijrhtness of colf>r is obtained hy proper hleachiiiK and refininji. 

Paints confainiri" linseed oil. and in fact most vi'ticUahle oils, tend to 
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turn yellow in dark or pocnly lighted jilaces. 'I'he tendcmcy to ycdlow is 
somewhat affected by the plt;inent and al.so the amount of oil present. The 
cause of this tendcuicy of interior paints to turn yellow has been variously 
explained. Mulder intimate<l tliat it was due to the absorption of moisture 
in fonning a hydrate of the linoxyn. This may or not he true, and from 
invostiKation.s carried on by 
the writer, it woiihl appear 
mostly due tcj the action of 
the ammonia in tlie atmos¬ 
phere. This does not, how¬ 
ever, explain the mc>ehanism 
of the yellowing. 

Refining of Linseed Oil. 

Linseed oil is somedimes re¬ 
fined fcjr special use* in different 
industries and the refining 

process may consist in acid 
treatment, alkali treatment, 
bleaching with fuller's earth, bleaching by exposure to sunlight, re¬ 
frigeration and other operations. One or more of these operations 

may be used, depending on the kind of refined oil desired. The acid 
refining of linseed oil is usually accomplished by treatment with sul¬ 
phuric acid somewhat after the following manner: the oil, amounting, say, 
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to 500 gals., is placed in a tank provided with either mechanical or air 
agitation. Strong sulphuric acid, 60°-66° B6., equal to about 1 per cent 
by weight of the oil to be refined, is allowed to flow slowly into the oil. 
The agitation is kept up for some time; the oil turns to a muddy green. 
It is then allowed to settle, the sulphuric acid sludge coming together in 
large floes and separating out. After standing overnight, the clear oil is 
drawn off, some water added, and the whole mass agitated with live steam. 
The oil tends to form something of an emulsion in the beginning and, after a 
while, becomes clear. It is then allowed to settle, the acid water drawn 
off, and another steaming given, if thought necessary. The oil is then 
drawn into storage tanks, and the remaining water allowed to settle out; 
the clear oil is drawn off for use. In this operation the mucilaginous matter 
and some of the coloring matter, referred to above, are removed. The oil 
has also increased in acid number, that is to say, its contents of free fatty 
acids has increased. Refined oil is similar in properties to raw linseed oil, 
except that it is less viscous. It is free from the phosphates referred to 
above and usually contains considerably more free fatty acids than raw oil. 

The alkali process usually consists in treating the oil with caustic soda 
to saponify and remove the free fatty acids and neutralize the oil. For 
some purposes, the oil is bleached by agitating it with fuller’s earth, fol¬ 
lowed by filtering and the oil is sometimes bleached by exposure to the sun¬ 
light in shallow pans. Refrigeration is sometimes used followed by filtra¬ 
tion to separate and remove some of the vegetable waxes and other 
constituents which more or less solidify at the refrigeration temperatures. 

Most of the refined oils are used in the paint, varnish and allied indus¬ 
tries. Acid refined oil is used particularly for grinding white lead and other 
pigments in the manufacture of paints. Alkali refining is sometimes used 
for special enamel oils and similar products. Bleaching with fuller’s 
earth is a very useful process and bleached oils are used extensively in the 
manufacture of paints, varnishes and enamels. Refrigeration is used only 
in special cases and is said to impart certain desired characteristics to oil 
used for certain purposes. 

Some very valuable research work on the constitution and character¬ 
istics of linseed oil has been carried on at Lehigh University under the 
direction of Dr. J. S. Long.^ Dr. Long’s work has been a valuable addition 
to the technology of linseed oil and is of both scientific and practical interest. 

Drying Properties. Linseed oil belongs to the general class of oils 
known as “drying oils.” This property of drying, already referred to, 
consists in the oxidation of the oil and the formation of more or less solid, 
hard products. Linseed oil has this property more conspicuously than any 
of the other so-called “drying oils,” It has been found, however, that in 
the case of raw linseed oil, which will take from four to five days to dry 
hard in a thin film, this drying rate can be increased by the addition of 

* J. S. Long and coworkers: Ind. and Eng. Chem., 17,138; 17, 905; 18, 1246; 19, 
62; 19, 903; 20, 809. Amer. Paint Jour., 14, 60. 
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certain metallic oxides, such as lend oxide and manganese oxide. By the 
proper addition of these oxides, linseed oil can he made to dry to the toucli 
in from four to eight hours. It appears that lead and manganese in a great 
variety of forms can be added to lin.seed oil and give to it its increased 
rapidity of drjdng. However, to give tlie best results, they should become 
completely dissolved in the linseed oil. For practical purposes, excellent 
drying results arc obtained when the linseed oil contains oxide of lead 
(PbO), 0.20 per cent, and o.xidc of mangane.se (MnO), 0.05 per cent. 

Boiled Linseed Oil. Boiled linseed oil is an oil to which sufficient 
quantity of load and manganese oxides has been added, and, by the action 
of heat, these oxides have been made to dissolve in the oil. The old pnic- 
ticc was to boil the oil in kettles over an open fire, and this practice still 
obtains to some extent, although probabi}' the temperature to which the 
oil is now heated seldom readies that to wliich boiled oil in the old days 
was subjected. The term 
“boiled” as applied to lin.seed 
oil is not, strictly speaking, 
correct. Lin.seed oil doe.s not 
boil in the same sense that 
water does, but, when heate<l 
to a sufficiently high temper¬ 
ature, suffers destructive 
distillation, some of the gly¬ 
cerine being driven off in the 
reduced form krio>vn as “acro¬ 
lein.” There are also other 
decomposition products pro¬ 
duced. In modem practice, 
the manufacture of boiled oil 

starts with the production of a concentrated boiled oil containing a com¬ 
paratively large percentage of lead and inangane.se oxides, such concen¬ 
trated boiled oil being known as a “crushers drier.” The concentration 
is such that when one part of this emshers drier is added to .sixteen parts 
of raw linseed oil and the mixture heated to bring about complete in¬ 
corporation, boiled linseed oil of commerce is obtained. The temperature 
of heating considered by the writer most desirable is about 350® F. Not 
all boiled oil is, however, heated to this temperature. In some cases the 
temperature reached is only that which can be obtained by a steam coil. 
In some cases, the driers used arc resinates of lead and mangane.se, which, 
if the amount of rosin present is not too great, produces good merchantable 
boiled oils. The temptation, however, to overload the resinate driers with 
an excess of rosin has made this practice questionable in the minds of some. 
In the preparation of boiled oil, red lead has some advantage over litharge 
in that the lead oxide stays in solution better where red lead is used. 
The black oxide of manganese, the dioxide, used should be in a very fine 
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state of subdivision, so that it will dissolve completely in the oil on the 
application of heat. For the production of particularly light-colored boiled 
oils, borate of manganese and acetate of lead can be used, or linseed oil 
soaps of lead and manganese can be produced in the wet way, and these 
dissolved in the oil by the application of heat. 

Linseed Oil Constants. It is customary to speak of the various figures 
obtained from the testing of linseed oil as its “constants.” This word 
is unfortunate, inasmuch as the figures arc anjdhing but constant. Lin¬ 
seed oils of various origin differ very much in the so-called “constants” 
obtained, and the same linseed oil may have its constants changed by 
slight oxidation. The best and most authoritative figures on linseed oil, 
and the methods of testing, have been published in the reports of Com¬ 
mittee D-1 of the American Society for Testing Materials, whose speci¬ 
fications (1927) have been carefully worked out. They arc as follows: 



Maximum 

1 

Minimum 

15 5^ C. 

Specific gravity at 50 c ' 

0.936 

0.932 

or 

25^ C. 



specific gravity ^^ 25^0 '"' ' 

0.931 

0.927 

Acid number . 



Saponification number. 


189 

UnsnnonificLblc mnttor^^^ .... 



Refractive index at 25* C. . . . 

I.4805 

1.4790 

Iodine number (Hanus). 


180 


Oil from Baltic seed apparently has a slightly higher iodine number 
than that from North American seed. Oil from East Indian seed is slightly 
lower in iodine number, and oil from South American, or La Plata seed has 
been, until recently, considerably lower in iodine number. It may be dif¬ 
ficult, therefore, at times to judge simply from the analytical results 
obtained whether a linseed oil is strictly pure, if its origin is not known. 
Some work done by Eibner (Farben-Zeitung, Oct. 12, 1912, et seq.) indi¬ 
cates that the hexabromide test is of great value in determining the purity 
of linseed oil. 

Driers. In order to accelerate the speed of dr 3 ning of raw linseed oil, 
it is a common practice for the painter to use “driers. “ These are prepara¬ 
tions usually liquid but sometimes in paste form, consisting of lead and 
manganese soaps dissolved in turpentine or benzene, in the case of liquid 
driers, and mixed with pigments and oil, in the case of paste driers. Liquid 
driers, while very variable in composition, usually contain lead and man¬ 
ganese compounds in such quantity that one part of the drier added 
to sixteen parts of raw linseed oil will make the oil dry to the touch 
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in from oisht to twelve houiv. Boiled linseed oil should require the addi¬ 
tion of no liquid drier. Raw linseed oil, to whicli liquid drier has been 
added, is sometimes sold as boikal oil. Such a mixture, as it has not been 
subjected to tlie proper heat treatment, is not a true lK)iIed oil. Deri¬ 
sively, it is known as “Bunj! Hole Boiled Oil.” Its s:ile as l>oiled oil is 
clearly deceptive. 

Adulteration. Lin.«eed oil is occasionally adulterated with mineml oil 
and rosin oil, and when the price permits it, with non-dn,’ing oils such as 
Soya bean oil, etc. The presence of mineral or rosin oil in linseed oil is 
easily detected, as they remain in the unsaponifiable matter determined 
in the usual course of analysis. The presence of non-<lr>'ing or semi-drjdng 
oils Ls more difficult of detection. Their pre.sence is indicated by a low 
iodine number and a low specific gravity, and also the hexabromide test. 

Application. Outside of use in paints, lin.seed oil has its principal use in 
the preparation of varnishes, lithographicoils,linoleumandartificial leather. 
In varnishes, the oil u.sed is usually prepared so that it will not “break.” 
It Ls then “ bodied, ” that is, increased in gravitj' and vL'^cosity to the degree 
particularly desired by heating in kettles to about 550® F., whereby some 
of the glycerine is driven off, and the oil, to a greater or Icsse.xtent, polym¬ 
erized. Such an oil inLxed with melted gums and driers and thinned 
with turpentine or benzene, produces the oleoresinous varnishes of com¬ 
merce, wliich vary according to the kind of gums used, the degree to which 
the oil has l>een bodied, and the proportioning of the various com¬ 
ponents. 

Linseed oil simply l>odicd by heat is u.scd for the preparation of litho¬ 
graphic inks. The Ijodying of linseed oil can also be accomplished by 
blowing. The oil is heated to al>ovc 250® F., and a current of air is passed 
through it. Blown oils dry harder than oils bodied simply by heat. 

Oil Cake. Oil cake and linseed meal arc by-products of the man- 
facture of linseed oil. They are valuable cattle foods and contain: 


Oil or “ Crude Fats ”. 4-8 per cent 

Albuminoids or *' Crude Protein ”. 31—40 

Crude fiber. 8-12 


The remainder consists of carbohydrates and mineral matter. As a 
cattle food, it is too rich and has to be mixed with other food materials 
containing more crude fiber, etc. Comparatively little oil cake and meal 
are consumed in this country, most of it being shipped to Europe. 
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CHAPTRR XXXI 


THE HYDROGENATION OF OILS 

CARLETON ELLIS. 

ConsuUing Chemusl^ Montchiir^ N. J, 

Liquid oils or Lits of soft consistency can be “hardened” l)y the 
catalytic addition of hy<Jrogen to yield hj'drogenated products f)f Rreatly 
increased consistency. The “hardening" is due to the conversion of 
olein, linolein and other unsaturated glycerides to synthetic stearins; 
the higher melting point of the latter causing this change in physical 
properties. 

In the pre.sence of a suit-able catalyzer oleic acid and hydrogen com¬ 
bine, molecule for molecule, to yield stearic acid according to the equation, 
CisHsiOa + H 2 = C 1 KTI 30 O 2 . Thus 282 lbs. of oleic acid requirt' 2 lbs. (or 
about 0.7 per cent) of hydrogen for the production of 284 lbs. of stearic 
acid, and similarly the transformation of olein into stearin requires the 
use of alxiut 0.08 per cent of hydrogen. One thous^iiul cubic feet of hydro¬ 
gen weigh approximately 5.6 lbs., hence a pound of olein calls for a 
little over 0.1 of an ounce of hydrogen, equivalent to approximately 2500 
cu. ft. of hydrogen per ton of olein (of 2000 lbs.). Thus by weight only a 
relatively small quantity of hydrogen is needed. 

A great variety of fatty oils may be hydrogenated to yield useful 
products, but the process is finding application, especially in the hardening 
of vegetable oils such as cottonseed, com, soya bean and peanut oils, and 
marine animals oils such ns fish and whale oils. The analytical constants 
of oils of course change as hydrogenation proceeds and aside from the 
increase in melting point, the progress of the reaction is indicated by a 
gradual reduction in the iodine number and index of refraction, while the 
specific gravity increases as a rule. 

The practical application of hydrogenation to the hardening of vege¬ 
table oils is of comparatively recent development and like most new 
processes of notable commercial value this process has had to run the gamut 
of a great variety of proposals for carrying out the operation in widely 
different ways. It is not the purpose of the writer, in this brief chapter, 
to enter into a discussion of the multifarious methods advocated, but 
rather to indicate some of the procedures which have found favor from the 
practical standpoint. 

Several forms of treating apparatus are in use, all of which have the 
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same object in view, viz., to secure intimate contact of hydrogen gas 
with the oil and catalyzer. This is accomplished in various specific ways, 
one method being to spray the oil mixed with catalyzer into a chamber 
containing hydrogen and to continue the spraying operation until the 
requisite degree of hardness is reached. By another method the oil and 
catalyzer are violently agitated in a closed receptacle in the presence of 
hydrogen. Still another system provides for the simple operation of 
bubbling the hydrogen gas through a bod}-^ of oil and catalyzer, any 
unabsorbed gas being collected and re-used. 

Catalyzers. While platinum, palladium and certain other finely divided 
metals arc capable of acting as hydrogen carriers or catalyzers, the essential 
constituent of all catalyzers used in the hydrogenation of oils at the present 
time is nickel. In some cases nickel is used in conjunction with an auxiliary 
metal such as copper. There are two distinct methods of making catalyz¬ 
ers, one being known as the dry process and involving the reduction of 
nickel compounds in the drj^ state, and the other being knowm as the wet 
process or wet reduction according to which catalyzer is prepared by 
reduction in oil or other suitable vehicle. 

Dnj llcduclion. The drj' process has been used extensively in the past 
but is now being displaced to a large extent by wot reduction. To prepare 
a catalyzer by dry reduction it is customary to precipitate an insoluble 
nickel compound on a carrier or supporting agent of a finely divided 
character. Inert mineral powders such as clay, fuller’s earth, infusorial 
earth or kieselguhr, silex and the like are customarily employed as sup¬ 
porting agents. The support is added to a solution of a nickel salt, usually 
nickel sulphate, and soda ash is added to precipitate nickel carbonate 
upon the carrier. The material is washed thoroughly by decantation, or 
in a filter press, then is dried and reduced in a current of hydrogen gas. 
For this purpose the nickel is placed in a closed receptacle which may be 
heated to a temperature usually ranging from 250®-500® C. and hydrogen 
gas is passed over or through the mass until water is no longer evolved. 
More rapid reduction is secured by agitating the material during the 
reduction period. This is ordinarily carried out by charging the raw 
material into a rotatable drum. 

The most sensitive catalyzers are obtained by reduction at the lowest 
possible temperatures. Nickel begins to reduce below 220® C., but at 
270® C. the reduction is not complete even after long duration of exposure 
to hydrogen. A temperature of 300®-325° C. gives fairly complete 
reduction and is a satisfactory working temperature. The lower the 
temperature at which the nickel is reduced, the more sensitive it is to 
various external influences, hence the preparation of this catalyzer should 
be conducted not only with respect to degree of activity, but also with 
respect to longevity. Nickel is easily poisoned by chlorine and by sulphur 
in the sulphide form. Copper is much less sensitive to poisons than nickel, 
but, on the other hand, it is much less active. 
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After nickel has been rcducoci as described above, it shmdd be kept out 

of contact with air, as it is extremely pyrophoric and loses in efficiency on 

exposure to the air. Consequently, when titrating (>il with such a catalyzer, 

it is advisable to free the treating apparatus from air by flushing with 
hydrogen. 


n H Rcduciion. The method of reducing a nickel compound in oil to 
make a catalyzer has proved simpler and more reliable than the dr>- method 
of reduction. In addition the operation is cleaner, there being lcs.s dust 
and dirt, and dangers from explosion due to hydrogen are minimized. 
\Vorkmen constantly exposed to an atmosphere containing nickel dust 
suffer injurj' to the lungs. 

The wet reduction process is carried out ver>' simply by adding finely 
ground nickel salt to the oil, heating and introducing hydrogen gas until 
reduction is complete. 

Nickel Formate. The most popular compound emploj-ed in wet reduc¬ 
tion is nickel formate. When heated in a vegetable oil to a temperature 
of about 240® C. nickel formate break.s down, yielding finely divided partly 
colloidal nickel. The introduction of a reducing gas is not required. It 
is, however, a common procedure to introduce a slow current of hydrogen 
into the oil in which the nickel formate is undergoing reduction. The 
formate may be admixed with oil in such proportion that a catalyzer con- 
centrale is obtained on reduction. A ternpemture of 240® C. slightly 
affects the quality of the vegetable oil, e.g., cottonseed oil, used as the 
suspensory vehicle in canydng out the reduction, and if the catalyzer is to 
be employed in making edible fat it is advi.sable to filter out the catalyst 
and wash it with fresh oil to remove the oil employed originally. The 
latter may be returned to the refinery or used for non-edible purposes. 
Lc.ss than 1 per cent of nickel, usually about 0.2 per cent, is added to the 
oil to be hardened. The mixture of oil and catalyzer is heated in a tank 
provided with steam coils to raise the temperature to ISO® to 190® C. A 
current of hydrogen gas is pa&sed through the oil mixture and is continued 
until the oil has been increased in consistency to the desired point. 

Bulking Agent. Catalyzer obtained by the wet process of reduction 
usually is partly colloidal and the filtration of the hardened oil from the 
catalyzer is greatly accelerated by the addition of a bulking agent. This 
material may be fuller’s earth, kieselguhr or other mineral powder which 
is capable of assisting filtration. Silex is useful and is less likely to impart 
an earthy taste to the oil than is the case with some other mineral sub¬ 
stances. The bulking agent may be added to the oil with the catalyzer 
or it may be introduced at any time prior to filtration. It has no value 
as a supporting agent as it does not function like the nickel-coated carrier 
employed in the diy process. The nickel particles are not attached to the 
bulking agent during the hydrogenation stage proper. After filtration the 
press cakes of catalyzer and bulking agent may be churned with additional 
oU and the material employed for the hydrogenation of a subsequent batch 
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of oil. This operation is continued until the catalyst has lost its strength, 
or in some cases fresh catalyzer is added from day to day in order to keep 
the material operative to substantially the same degree. In the handling 
of the catalyst there are small losses and the replacement of these losses 
from day to day will in some cases ser\'e to keep the catalyzer at a desired 
degree of activity. 

Re-Use of Catalyst, Well-rehned vegetable oils do not impair the qual¬ 
ity of the catalyst so rapidly as oils which have not been fully refined and 
contain soap or other impurities. Fish and whale oils on the other hand 
impair the catalyzer very rapidly. The catalyzer therefore may be used 
repeatedly in hydrogenating refined vegetable oils. When employing 
0.2 to 0.5 per cent of nickel, based on the weight of the oil taken, the 
catalyzer ordinarily may be used to harden from five to ten batches of oil. 
No exact rule can be laid down, how'ever, as variations in the kind and 
quality of the oils which are being treated, purity of hydrogen, and other 
conditions affect the life of the catalyzer. 

Recovery of Nickel from Spent Catalyzer, The oil is first extracted 
by means of a solvent or by heating the spent catalyzer in alkaline brine. 
The residue is treated with hot dilute sulphuric acid and the nickel recov¬ 
ered as the sulphate. It may prove necessary to remove iron from the 
latter. From the sulphate the carbonate and formate may be prepared. 

Oils Difficult to Harden. Unsaturated free fatty acids are difficult to 
harden and this applies to glycerides having a high content of free fatty 
acids. Fish oil often has a high acidity. For hydrogenation of this oil a 
grade containing not over 3 to 6 per cent of free fatty acids should be 
chosen. The oil may be treated with, or filtered through, fuller’s earth and 
one part of nickel catalyzer used to 100 parts of the oil. Additions of fresh 
catalyzer may be required. After a single exposure to fish oil the catalyzer 
usually is so impaired in activity that it is sent to the recovery plant. 

Hydrogen. One of the problems in the hydrogenation field is that of 
a cheap supply of pure hydrogen. The demand for hydrogen in various 
directions has increased of late and has led to improvement in the manu¬ 
facture of the gas. 

The two methods now most favored in the hydrogenation of oils are 
the iron sponge steam process and the electrolytic method. For very 
large plants the iron sponge steam process is preferred, but it is relatively 
complicated and scarcely to be recommended for plants calling for 1000 
cu. ft. of hydrogen, or less, per hour. Hydrogen also is obtained from water 
gas by liquefaction of the carbon monoxide according to the Linde system 
and separation of the hydrogen from the liquefied monoxide. 

Uses of Hydrogenated Oils. The ability to prepare from ordinary 
liquid fatty oils a fatty body of almost any desired degree of consistency, 
renders hydrogenation especially attractive in the production of edible 
fats and soap making materials. These are, undoubtedly, two of the most 
important applications, although hydrogenated oils have a rather wide use 
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in the arts. In the manufacture of lubricants and tanner's greases, for 
example, the hydrogenated fats may be used to advantage. 

Uses of Hydrogenated Oils in the Soap Industry. By liydrogonution, 
oils whicli fonnerly made soaps only of soft consistency, now yieltl the 
more valuable hard soajxs. This has led to a vor>' rapid development of 
the art with respect to the production of soap-making fat.s. In particular 
fish and whale oils have been utilized, because these oils may be corn- 
pletelj' deodorized bj' the addition of hydrogen. 

According to Tsujimoto, the odor of fish oil is due almost entirely to 
a fatty constituent and not to so-calle<l impurities. This fatty constit¬ 
uent is clupanodonic acid, having the fonnula, CjsH 2 j» 02 . which, ther(‘fore, 
by the addition of 8 hydrogen atoms becomes stearic acid. U'hon hj'dro- 
genated to an iodine number of about .50, fish oil has the consistencj' of hard 
tallow and the odor of fish oil is wholly absent. Even the fishy taste is 
then scarcely in evidence. 

For soap making this product is satLsfactorj-, as it complies with the 
test for a deodorized fish oil suitable for soap making, in that the odor of 
the original oil is not apparent when laundried goods on which such soap 
is used are ironed. If, however, the hydrogenatir)n is not carried on to a 
point where the iodine number is approximately 50 or less, there is some 
danger that the fishy odor will becomeapparent during the ironingoperat ion. 

Hydrogenation Practice. The following general procedure may be 
laid down for guidance in the equipment and operation of a hydrogenating 
plant, irrespective of the character of the oil employed. 

The starting fK)int is the preparation of catalyzer. Of course the pro¬ 
cedure employed for its prt*paration depends on the type of catalyzer 
selected.* Suppose nickel be chosen as the active material, to be fonned 
by dry reduction on a suitable carrier or supiK>rting base. To this end a 
solution of a nickel salt such as the nitnite or .sulphate is rnLxed in vats 
with the support, in the presence of a precipitant, or the latter is subse¬ 
quently added, and the material is well agitated. Soda ash or caustic soda 
may be used to effect precipitation. A slight excess of the precipitant is 
desirable. Soluble salts may then be removed by wasliing and the material 
dried. These operations may take place in a filter press supplied with air 
under pressure. The caked product should be ground in a ball or pebble 
mill until resolved into a fine powder. 

The catalyzer is now ready for reduction, which should be performed 
with extreme care, as the entire oil-hardening process depends on the 
efficiency of the catalyzer. A simple type of catalyzer-reducing device 
is represented by Fig. 353. A is a brick structure which contains the 
reducing drum B. The latter Is rotated by means of the sprocket C. E^E'^ 
are stuffing boxes which admit of rotating the dnim without disturbing 
the gas inlet and outlet. The catalyzer is admitted and withdrawn through 

* Several patents have been taken out on catalyzers of different kinds adapted for 
oil hardening. 
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tho gate G. The drum is filled about two-fifths full of the catalyzer and 
hydrogen passed in. When a test for oxygen shows that all the air has been 
expelled the drum is heated to a temperature not exceeding 360° C. Dur¬ 
ing reduction the hydrogen is passed through at a considerable rate in order 
to remove the steam formed thus reducing the partial pressure of the latter 
and facilitating the reduction of the nickel carbonate or hydrate. The 
gases issuing from the exit side of the drum may pass through a water seal, 
aiul after purification may be returned to the gas holders to be used again. 
When the issuing gases are found to contain no steam, the reduction is com¬ 
plete, the heating is dis¬ 
continued and the catalyzer 
allowed to cool in a current 
of hydrogen. 

After cooling the cata¬ 
lyzer, the hopper I is coupled 
to the flange of the gate G. 
The bottom of the hopper 
dips below the surface of oil 
contained in a receptacle 
beneath. Hydrogen is passed 
in at the valve J and the air 
expelled from the hopper. 
The valve of the reducing 
drum is now opened and 
the catalyzer allowed to fall 
into the oil with which it 
should be thoroughly mixed. 
Thus the catalyzer is effect¬ 
ively sealed from the sir. 

The foregoing method 
of abstracting catalyzer 
from the reducing drum 
prevents oxidation of the nickel which occurs when the catalyzer is with¬ 
drawn in contact with the air. 

Reduction in Oil. This method constitutes the general practice. The 
preparation of catalyzer by heating nickel formate has been noted. Another 
process involves heating finely ground nickel carbonate in paraffin wax 
to a temperature of 340° to 350° C. Cracking of the hydrocarbons of the 
wax occurs and the carbonate is reduced. The wax may be removed by 
filtration and washing with oil. 

Nickel and Copper Catalyzer. Reduction of nickel compounds is facili¬ 
tated by the presence of copper. A mixture of nickel and copper formate 
can be reduced at a temperature of 180° C. Nickel and copper carbonates 
in admixture likewise reduce easily and advantage is taken of this property 
to employ composite catalyzers containing three or four parts of nickel 
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to one part of copper. Catalyzei^ of tins description can be prepared in 
the oil which is to be hardened, which represents a considerable advance 
in economy and simplicity over dr>' methods of re<liiction. 

1 he catalyzer-in-oil, obtained in any appropriate manner, is tran.*<ferred 
to a large agitating tank in which oil is added in sufficient (luantity to 
make the mixture contain the correct percentage of catalyzer. The con¬ 
tents are thoroughly agitated and transferred to the hydrogeriator or con¬ 
verter, where the actual hydrogenation takes place. 

Introduction of Hydrogen. Tall iron tanks may be used for this pur¬ 
pose, one type of which is shown in Fig. 354. The air in the hydrogenator 
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IS displaced by means of hydrogen and the mixture of catalyzer and oil 
pumped from the agitator A into the hydrogenator C. The contents of 
the hydrogenator arc heated to a temperature of 175“ to 190“ C. by means 
of superheated steam or hot oil coils, the latter being preferable, owing 
to the danger of leakages of steam into the chamber. Steam, however is 
commonly employed. The temperature of the contents of the hydrogena¬ 
tor should be registered by means of a reliable thermometer, preferably a 
recording pyrometer. 

The oil and catalyzer mixture in the hydrogenator is circulated by 
means of the rotaiy pump E which takes the Uquid from the bottom of 
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tlic hydrogcncrator and pumps it through tho inductor I where hydrogen 
drawn from the gas space at the top of the hydrogenator is mixed with the 
oil. CK is a check valve to prevent oil from entering the tank through the 
suction tube in the event of the inductor suction nozzle becoming flooded. 
The mixture of oil, catalyzer and hydrogen is ejected through the dis¬ 
tributor D at the bottom of the hydrogenator. 

The hydrogen inlet is provided with a safety device M and a pressure 
gage P 3 - 

The pressure maintained in the hydrogenator is variable according to 
the oil under treatment and may range from atmospheric or less up to 
about 25 lbs.* The difference in the readings of the pressure gages P 1 P 2 
registers the suction of hydrogen at the suction nozzle of the inductor. 
Samples of oil may be withdrawn from time to time by means of a sampling 
cock. When the sample indicates that the oil has the required hardness 
the hydrogenator is emptied through the bottom outlet and the contents 
run into large tanks T which are heated by means of steam coils. From 
those tanks the mixture of oil and catlayzcr is pumped into filter presses 
where the catalyzer is removed. The oil is finally run into cooling tanks 
where it solidifies to a hard fat ready to be made into lard compound, soap 
or other product. 

The transformation to olein of the glycerides of linolcic and linolenic 
acids or other highly unsaturated acids usually does not result in any 
appreciable change in the titer. As these bodies generally are to a con¬ 
siderable extent transformed into olein before olein becomes stearin, hydro¬ 
gen will be absorbed by the oil without hardening, to a degree dependent 
on the proportion of these highly unsaturated bodies present. Often an 
hour or more is needed to bring an oil to the olein stage, after which harden¬ 
ing will progress rapidly. 

Of course, the method given above is capable of many modifications as 
oils of different character require different treatment and in consequence 
oftentimes call for equipment which varies considerably from that given 
by way of illustration. 

A simple type of converter now extensively used is shown in Fig. 354. 
It consists of a closed tank equipped with a steam coil and stirrer. Tho 
vessel is charged with oil and catalyzer and the charge is heated to the 
requisite temperature when hydrogen is introduced by the small pipes in 
the bottom of the apparatus. The oil is stirred vigorously during the 
operation. Heat is developed in hydrogenating fatty oils and when a con¬ 
siderable quantity of oil is being hardened, the heat of reaction may be 
not only sufficient to maintain the batch at the reacting temperature but 
may even cause the temperature to rise too high, so that cooling is needed. 

> One of the difficulties met with in the handling of hydrogen has been the loss by 
leakage of the gas. Under pressure and at a temperature of 160* or 200® C., hydrogen 
is surprisingly penetrating. Autoclaves with welded seams are desirable for high pres¬ 
sure and high temperature work. Moving parts should be avoided as far as possible. 
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This is especially noticeable with freslUy prepared catalyzer. Sometimes 
preliminarj' heating by steam to 100® to 120® C. suffices to start tlio r<‘ac- 
tion and the Uunpeniturc rises rapidly. At 170® to 180® C. water may be 
passed through the coil to prevent overlieating. 

The simplest type of hydrogenator and one wliicli, perhaps, is tlje most 
popular consists of a tank and heating coil as 
shown in Fig. 355, but without any stirring 
device. Using a partially colloidal nickel 
catalyzer obtained by wet reduction and 
readily maintained in suspension, the introduc- 
ti()n of hydrogen at the bottom serves to keep 
the oil and catalyzer well mixed. Unused 
hydrogen is collecte<i in a gas liolder and 
after purification is employed again. 

(For a detailed description of hydrogenat¬ 
ing proce.sses see Ellis, “The Hj'drogenation 
of Oils.” Third Edition, 1930. D. Van Nostrand 
Co.,N. Y.) 

Edible Hydrogenated Oils. Since the 
addition of less than 1 per cent of hydrogen 
suffices to convert cottonseed oil or other 
vegetable oils into a fatty body of at least 
the consistency of lard, it follows that manu¬ 
facturers of ordinary lard compound (that is to 
say, a mixture of about 85 to 90 per cent of 
refined cottonseed oil and 10 to 15 per cent 
or so of oleostearin) have promptly turned 
their attention to the production of compound 
by a “self-thickened” cottonseed oil. The 
liydrogenated product from cottonseed oil, if 
properly made, is stable in character. Un¬ 
questionably, the hardening process has in- 
crea.scd the demand for cottonseed oil in the 
manufacture of edible fats. 

By the hydrogenation process a lard sul>- 
stitute may be prepared in two ways. 'J'ho 
entire oil may be simply hardened to the 
consistency of lard, care being taken to 
employ an oil as nearly neutral as pos.sible to prevent cxceswive solution 
of catalytic metal, and to avoid a high temperature of treatment so as not 
to impair the flavor of the product. If the color and flavor are detriment¬ 
ally affected, resort may be had to a further treatment with fuller’s earth 
followed by steam vacuum dcodorization. The addition of a small 
amount of cocoanut oil benefits the flavor. 

The other method is that of making lard compound which, as indicated 
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above, involves thickening a large proportion of normal oil with a small 
amount of a relatively hard hydrogenated product. This may be carried 
out as follows: After the oil has been hardened, it is freed of catalyzer and 
then may be run into tanks containing the requisite amount of deodorized 
cotton oil (or other edible oil) and if neccssaiy' the mixture further clarified 
and filter pressed. A\’ith hardened cotton oil of 58 to 60 titer, only 7 to 10 
per cent is required to thicken the oil to the consistency of lard, although 
in hot climates a somewhat larger proportion may be needed. The mixture 
is run on to a chill roll to cause rapid solidification and after slight aeration 
to improve the color is ready to be packaged. Fig. 356 shows a chill roll 
or lard cooler of the type usually employed. 
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In this illustration the large upper cylinder or roll is chilled by the cir¬ 
culation of brine and is slowly rotated, say from 6 to 10 Il.P.AI. The hot 
liquid compound at a temperature of 50® to 55® C. is run into the feeding 
trough 7 and falls onto the chilling roll forming a thin, somewhat trans¬ 
lucent film which quickly cools and solidifies. The solid fat is removed 
by a scraper and falls into a picker trough 5. The latter contains a shaft 
equipped with beating and conveying blades which chum the composition 
and destroy the translucency, producing an opaque white product of lard¬ 
like appearance. The picker is run at a relatively high speed, say 175 to 
180 R.P.M. Fig. 357 is an end view showing chill roll, feeding trough and 
picker. In Fig. 358 the cooler and picker appear on the left-hand side, in 
the center is a pump which withdraws the product from the picker and 
forces it through the pipe line to the packaging cocks on the right-hand 
side. Too high a speed of the picker blades incorporates an excessive 
amount of air in the product rendering it “fluffy.” 

The speed of rotation of the chilling roll is governed by the rate of feed 
and temperature of the brine. The latter may be kept between, for 
example, — 5 to + 10® F. for good results. If the brine is too cold, the 
product is liable to drop badly from the roll and the texture is not always 
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satisfactory'. This, however, may be largely remedied by’ increasing the 
feed. In winter the brine may be held at a slightly’ higher temperature to 
prevent brittleness. In the hottest weather, very cold brine should be used 






END VIEW. 

Fio. 357. 

to aid in securing a product which will preserve its color anrl consistency 
for a considerable time. 

\Vhen properly made the compound derived by the hy<lrogenated oil 
thickener is excellent in color, texture, flavor and keeping qualities. By 
many it is considered superior in several respects to olco-stearin compound. 



Fig. 358. 


Dry'Shortening. Hydrogenated cotton oil of melting-point 58” to 62” 
C. may be ground to a powder applicable as a dry-shortening. The pow¬ 
dered fat may be mixed with flour and the dough batch made from this 
stock. The shortening value of the hard fat is high. 
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Intarvin. Intarvin is the trade name of a synthetic edible fat whose 
fatty acids are constituted with an odd number of carbon atoms. This 
fat has been used in substitution for natural fats (whose fatty acids con¬ 
tain an even number of carbon atoms) in the preparation of foods for dia¬ 
betics. In the absence of sugar the even carbon fatty acids oxidize, in 
metabolism, in part to bctao.xybutyric acid and other “ketone bodies.” 
The accumulation of these in the body causes acidosis (ketosis). Sugar 
enables the oxidation to proceed to CO 2 and water. But sugar cannot be 
given in sufficient quantities to diabetics. The oxidation of fatty acids of 
the odd-carbon series does not, even in the absence of sugar, lead to the 
formation of tliesc poisonous ketone bodies. Kahn, therefore, proposed 
and put into practice the use of these new fats in diabetes. 

A process worked out by Nolan has made possible the commercial 
production of these fats. Essentially the method is a modification of 
Krafft’s synthesis. The fatty acid produced is esterified with glycerol and 
the resulting triglycerides (chiefly glyceryl margarate and pentadecylate) 
arc treated to eliminate undesirable and unpalatable impurities and to 
render the fat more readily absorbable. 
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LUBRICATING OILS 

AUGUSTUS H. GILL 

Pro/Msor Technical Cfiemical AnalyHs, xMassachuselU lusliiute of TechnoUtgy, Cambridge, 

Manufacture. The manufacture of tlic various oils and fats has 
already been given in Chapters XXVII and XXIX. By way of review, it 
may be said that the petroleum oiU, which make up the greater portion of 
the lubricating oils, are prepared in two ways: by a “cracking ’’ distillation, 
which produces the bulk of the paraffine oils, or by a distillation in which 
dry steam is used to lift the heavy oil vapors out of the still. Consequently 
the latter oils do not require treatment with sulphuric acid to refine them. 
Both classes of oils may be filtered through bone charcoal or fuller’s earth 
to improve the color; there seems to be a clearly defined impression that 
the loss of color is also accompanied by a loss in the lubricating value. 
Acid-treated oils emulsify more readily with water, and partly on account 
of the “sulpho” compounds which they contain arc less desirable as lubri¬ 
cants; sulphuric and sulphonic acids are difficult to remove completely. 

Classification. Be.sido.s these classes of oils, organic (animal and 
vegetable) and mineral (cracked and distilled), we have paraffine base 
mineral oils or chiefly CoH 2„+2 compounds (paraffines), and asphalt 
base inineml oils, or CnH 2 o -2 CnH2B-4 (naphthenes) CbH 2 o (polymethy- 
lene ring) compounds. 

Petroleum products are classified commercially in the case of gasolines 
and naphthas, by the density at 60® F. expressed in degrees of the Baum^ 
hydrometer p. 776 for liquids lighter than water: burning oils are known 
by the fire test expressed in degrees Fahrenheit: lubricating oils are divided 
according to their viscosity, detennined at 100® F. by the Stiybolt vis- 
co.simeter. 

Table VIII from the Bureau of Mines Bulletin 323B gives both an idea 
of IhLs cla&sification and also of the specifications which these oils must 
fulfill. If the oils fulfill these specifications there is little to choose 
between oils of the same base or from the same locality as.suming they 
have been properly manufactured. 

As regards the use of asphalt and paraffine base oils, tests by Stanton 
of the California Highway Commission* have shown that asphalt base oils 
are as good for lubricating purposes as those of paraffine base. 

» Chem. Abstr. 18, 2957. 
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Tho asplialtic base oils are about 7® Baum6 heavier, flash lower, and 
are much more viscous than the corresponding paraffine base oils; they 
also lose their viscosity more rapidly except at high temperatures, when 
the reverse holds true. Consequently when these oils arc specified, their 
viscosity should be from 25 to 50, or in some cases even 75 per cent greater. 
1 he specifications throughout this chapter refer to the paraffine base 
oils. 

General Considerations. The object of lubrication is to diminish fric¬ 
tion and thus conser\'e power. The shaft does not (or should not) come in 
contact with its box, but revolves on a thin film of lubricant. The resistance 
which the particles of this film offer to being torn apart, or the shearing 
modulus, as tho engineer terms it, measures the efficiency of the lubricant 
employed, consequently tlie cardinal principle underlying all lubrication 
is to vse the thinnest (or least inscous) oil that will stay in place and 
do the work. Obviously, then, the viscosity or “body” of the oil is of the 
greatest importance in choosing an oil: this should not be taken at any 
arbitrary t^'mperature, 70, 100, or 210° F., but at the temperature, or 
between the temperatures, at which the oil is used. It often happens that 
one oil is less viscous than another at one of these temperatures and at the 
temperature of use the reverse is the case, consequently the other oil should 
be chosen, in accordance with the principle given above. 

Another important consideration to be observed in choosing a lubri¬ 
cant is that it should not absorb oxygen from the air, forming a gum which 
would increase the viscosity, or turn rancid, and attack the metals with 
which it is brought in contact. The liability to oxidize or gum can be 
shown by the carbon residue test, which also has been found to be a measure 
of the extent to which an oil will carbonize in a gas or gasoline-engine 
cylinder. Besides these two tests, which may be considered as measuring 
the efficiency of the oil, other tests are employed which either measure the 
safety, serve to identify the oil, or to determine if it is suitable for the pur¬ 
pose for which it is intended. Such are the flash and fire tests, the evapora¬ 
tion test, the free acid test, and the test for thickeners or soap; while the 
specific gravity of a mineral oil, iodine, Maumen^ and saponification values 
of an organic oil serve either to identify it or indicate if it is adulterated. 
The cold test and friction test show its availability under conditions approx¬ 
imating that of use. 

Tests. The tests to be made will naturally vary according to the use 
for which the oil is intended. The heat, emulsification, and gasolene tests 
are of primary importance. The viscosity and carbon residue tests are also 
of cardinal importance and should be applied to all lubricating oils; if the 
oil is to be used indoors, the flash, fire and evaporation tests should be 
applied, as they measure the fire risk; the cold test indicates the availa¬ 
bility of the oil at the working temperature; the emulsification test shows 
the behavior of the oil when in contact with water, in the crankcase or 
turbine; the gasolene test shows the heat treatment of the oil or its adulter- 
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ation with “still bottoms"; the gravity indicates the base of an oil— 
whether paraffine or asphaltic, and the iodine, Mauinene and siiponificution 
tests serve usually to identify the organic oils. 

llcat Test. Heat 20-25 cc. of the oil in a flask nearly to the flashing 
point and keep it at this temperature for 1.5 minutes; a satisfactor>- oil will 
darken, but remain clear even after standing a day. A poorl\- refined oil 
changes to jet black, and forms a carbon-like i)recii)itate, in conse(iuence 
of the “sulpfio” compound previously mentioned. 

Eniuisijicalion Test. Tliis shows the extent to wliich an oil will emulsify 
with water and .'^hould be conducted together with a known oil as a means 
of comparison. The oil is thoroughly shaken or stirnai together with an 
equal volume of distilled Nvater and allowed to settle fora day. If "sulpho" 
compounds arc present in the oil, they cause it to mix with the water, fonn- 
ing a milky su.spension with curds in it; a good oil .sIh)Ws a clear, well-defined 
line between the oil and water, with little or no turbidity. The re.sults of 
this te.st should coincide with those of the heat test and will usually show 
an “acid-treated" oil; a filtered oil emulsifies less than a “red" oil. 

Gasoline Test. This is perfonTied by dissolving the oil in the gasoline 
(from Pennsylvania crude) and noting tlie amount of precipitate or tar 
produced. It indicates adulteration with hea\'y asphaltic oils or tarry 
still residues. 


Viscosity. This tenn repre.sents the degree of fluidity of an oil or its 
internal friction. It i.s independent of the specific gravity of the oil although 
this in pipette instruments influences the time of efflux. Within certain 
limits it may be taken as the measure of the v'alue of an oil as a lubricant, 
by comparing the viscosity of the oil under examination with that of other 
oils which have been found to give good ro.sults in practice. It Is usually 
determined by noting the time in seconds required for a certain quantity 
of oil, 60 C.C., to flow through an orifice at a certain temperature. The 
Saybolt Universal viscosimeter is the instrument generally used by the 
oil trade, although the Engler has been adopted by certain U. S. Govern¬ 
ment bureaus. For greases and lumpy solutions the Doolittle Torsion or 
MacMichacl viscosimeter Ls recommended. 

Carbon Residue Test. This, as the name denotes, is the amount of 
carbonaceous residue left when an oil is heated under definite conditions. 
All oils contain carbon and this test measures the quantity yielded by the 
most easily decomposed parts of the oil. It is thus a measure of the thor¬ 
oughness with which an oil has been refined and the extent to which it will 
foul spark plugs and leave residues in the automobile cylinders. 

Flash and Fire Test. The flash test is the lowest temperature to which 
the oil must be heated to give off vapors in sufficient quantity, which, 
when mixed with air, produce an explosive mixture. This temperature 
in the case of a lubricating oil should not be below 300® F. The fire test 
is the lowest temperature at which it will give off vapors which when 
ignited will burn continuously. 
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The test is made by heating the oil at a definite rate either in the Cleve¬ 
land (open cup) tester or in the Pensky-Martin (closed cup) tester. The 
latter gives the more concordant and also the lower result. 

Evaporation Test. The evaporation test shows the quantity of oily 
vapor an oil will give off at the average temperature of the bearing; this 
quantity sliould not exceed 5 per cent, and is of importance in two ways. 
It reprc.sents tlie amount of oil serving its purpose, and of oily vapor 
affecting the fire risk. 

Free Acid Test. The free acid test shows, as its name denotes, the 
amount of iincornbined acid contained in the oil: this in the case of mineral 
oils is sulphuric, coming from the refining process; with the organic oils 
it is an indication of age or rancidity and is usually oleic. Like the sapon¬ 
ification number it is also expressed in milligrams most required to neu¬ 
tralize the acid in one gram of oil. There should be no free sulphuric 
acid, although some authorities say it must not exceed 0.3 per cent, 
calculated as SOa. Others say that the combined sulphur must not 
exceed this quantity; the permissible amount of oleic acid varies according 
to the purpose for which the oil is to be used; for tallow for cylinder 
oils not more than 0.15 per cent, for prime lard for signal oil not more 
than 0.2, and for extra No. 1 lard not more than 1.5 per cent. Free 
acid in oil attacks the metals of the bearings, journals, cylinders, and con¬ 
tainers, and in the case of signal oils chars the wick so that the flame is 
extinguished sooner than it should be. 

Soap Test. Test for “oil pulp,” or soap: Artificially and temporarily 
to increase the viscosity of oils—in order to pass specifications—recourse 
is had to the addition of a small percentage of “dope,” “oil thickener,” 
or “white gelatine,” a soap, usually oleate of aluminum. This greatly 
increases the viscosity,^ causes the oil to chill more easily and to emulsify, 
thus increasing the friction. Furthermore, it is precipitated by contact 
with water or steam, causing clogging of the machinery. 

Specific Gravity. The specific gravity of an oil when stated as a decimal 
indicates the usual relation to water; this is commonly employed with the 
organic oils; the gravity of the mineral oils is expressed in degrees of the 
Baum6 scale for liquids lighter than water; here water is 10°, engine oil, 
for example, may be 26°, spindle oil 35°, kerosene 47°, stove gasolene 62°, 
illuminating gasoline 86°; it is to be noted that the lighter the oil the larger 
number on the Baum4 scale. These degrees have no connection with the 
flash-point, fire-point, or boiling-point of the oils. 

Iodine Number. The iodine number of value represents the per cent 
of iodine absorbed by the oil under fixed and precise conditions: this is 
quite a definite characteristic of oils, although the very fact they are of 
organic origin means that the vegetable oils are subject to changing seasons 
and the animal oils to change in feed. In the case of olive oil the variation 

* In a case which came to the writer's notice, the oil would not flow from the 
viscosimeter at 70® F., required 1167 seconds at 86® and 181 seconds at 110®. 
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in the iodine number is from /7 to 88; it is iinpof^ihle, tliorofore, to express 
the adulteration of olive oil more closelj' than about 5 per cent. 

Maumefie T<\st, or the heating test witli sulphuric aci<l, is one of tlie 
most important tests to determine the variety or kind of an oil: it possesses 
the advantage that it requires no complicated apparatus and is simple in 
execution. It depends upon the principle that when oils are mixed with 
sulphuric acid, heat is produced and the quantity of heat so produced is 
characteristic of the various oils. The results are usually reported as the 
rise of temperature in .degrees centigrade obtained when 10 c.c. of acid 
are ini.xed with 50 grams of oil. 

Saponificniion Value. The saponification value indicates the number 
of milligrams of potassium hydroxide requirtal to sjiponify one gram of oil; 
as this for most of the oils is alx)ut 193 it is no criterion by which to dis¬ 
tinguish one oil from another. Its chief value is to determine if an organic 
oil is adulterated, or compounded with an uusiiponifiable one, as mineral 
or rosin oil. This is done by dividing the Siiponifieation vahie obtained 
by 193; the quotient represents approximately the per cent of organic oil. 

CoUi or Pour Test. The cold test is the tempemture at which the oil 
will just flow and indicates the availability of the oil at this temperature. 
Cases are on record of the stalling of railroad trains and the .setting fire 
to factories owing to the oil freezing in the journal boxes. 

Friction Test. The friction test rnea-sures the power consumed by the 
oil. This is carried out upon a bearing as nearly' perfect as can be made 
by mechanical skill and under wliat may be calletl ideal conditions— 
regularity of feed, temperature, and prc.ssurc. In perfonning this test, it 
should be reinembercd that the effects of the oil previously list'd upon the 
machine persist for about eiglit hours, even though the shaft and bearing 
be chemically clean. Consequently reliable readings cannot be obtained 
until after the machine has run at least this length of time with the oil to 
be tested. The results obtained agree with those of the visco.simeter, and 
the friction machine may be considered as a glorified viscosimeter. 

Choice of Oils for Certain Purposes. K. H. Thurston said, “I have 
learned not to dogmatize about oils; the only thing to do in any case is to 
test them and see just what they are good for.” By “test” he meant either 
a friction test or “practical” test. While this is of course tnie, yet the 
former is tedious and the latter may involve too much risk, and equally 
good results for practical purposes can almost always be obtained by the 
use of brief physical and chemical tests such as viscosity, flash, and specific 
gravity. Practically the only case where these constants do not hold is 
where the oil is emulsified with water when used, and here the \vater seems 
to exercise a decided influence. 

The selection of a suitable oil is determined by the pressure on the 
bearing per unit area—a square inch—and is independent of the size of 
the bearing; thus it can happen that the same oil can be used both on a 
large and a small bearing. 
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From what has already been said, an oil should be sufficiently fluid to 
flow readily between a journal and it« bearing at the temperature of use, 
and not be forced out by the pressure under which it is running or to which 
it is likely to be exposed; any viscosity in excess of this means a needless 
waste of power. (Apply the viscosity test.) 

This explains why thinly fluid oils, 75 seconds viscosity and upwards at 
100® F., are used for light or high-speed machinery as spindles, watches 
and typewriters: as is well known, the “body” or visco.sity increases with 
the weight of the machinerj' and the degree of heat or pressure to which 
the oil is submitted, hea\"y duty requiring heavy'^ oil, until finally the lubri¬ 
cant becomes a thick oil or grease, as with rolls in rolling mills for iron, gears 
and steam cylinders. Each type of machine has an oil which suits it best, 
but it is a nuisance to have many kinds of oil in a factory and different 
bearings on the same machine requiring different oils. Nothing pleases 
the oil companies better, however, than to furnish “special oils,” which 
usually mean an increase in price: the writer has heard of cases in 
which oils of different names and prices all came from the same identical 
lot of oil. 

The fact should not be overlooked that mineral oils lose their viscosity 
rapidly when heated, more so than the organic oils, and that the tendency 
of the latter is to increase the viscosity. 

A suitable lubricating oil should not gum or thicken on exposure to the 
air (gumming test); it should not give off inflammable vapors below 300® F. 
(flash test); nor lose more than 4 per cent on exposure for a working day 
at the temperature of the bearing upon which it is used (evaporation test). 
It should contain no acid to attack the bearing or shaft (free acid test). 
Wells and Southcombe have shown the coefficient of friction to be reduced 
one third by the admixture of 0.1-1.0 per cent, of oleic acid. It should 
have the least possible cohesion among its own particles and the greatest 
possible adhesion to the metals of which the shafts and bearings are com¬ 
posed. Petroleum oils fulfill the first condition and animal or vegetable 
oils the last. 

In addition to the conditions just outlined, the way and manner in 
which the oil is applied or the “feed” influences the choice. The various 
feeds may be divided into forced, gravity, ring or wick, splash, flooded 
bearing and hand feed, or combinations of these. Of these the forced, 
gravity, and ring or wick, are economical, of high efficiency, collect little 
dirt, and in the case of the first two, furnish strained oil and use a light or 
medium-bodied oil; the same holds true of the flooded bearing except as 
regards the efficiency in the recovery of the oil. The chief disadvantage 
of the splash feed is that any dirt and wear from the bearings are not 
separated from the oil. This dirt and bearing wear can be most satisfac¬ 
torily removed by special centrifuges, rejuvenating the oil. Hand feeding 
is most wasteful and inefficient, depending upon the efficiency bf the individ¬ 
ual. Forced feed is employed with high speeds and bearing pressures; it 
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uses a somewhat more viscous oil, particularly with automobiles than the 
other types of feed. 

Wear and Tear of Oils. The question is often asked as to udiether 
oils “wear out’’; this continues the Southwick cone(‘ptif)n of the ball bejir- 
ing and implies that the balls or molecules break or wear out. C'arjxuiter 
and Sawdon showed that the gravity and viscosity of oils in circulating 
systems inereased, but the actual friction test was slightly lower at low 
pre.ssures, and a trifle higher at high pressures. A^’ith automobih* lubrica¬ 
tion the tlilution of the oil by the ga.soline residues cause it to become thin¬ 
ner; consecjuently fresh oil should be added to a circulating system to keep 
the viscosity practically constant. 

Miscellaneous Oils. Aeroplane Oils. Used for .stationarj- cylinder 
engines. I'(jr specifications see Table \TII. Rotarj’cyliiuler engines use 
the best gratle of cold-pressed castor oil. 

Air Cotnpre.s.sor Oils. The oil should have a low evaporation test and 
a flash-point at least 100® F. higher than the highest temperature likely 
to occur in the cylinders. A filtered oil should l>e u.s(*d, and for pre.ssures 
up to 125 pouiuls per square inch it should have a viscosity of 270 .seconds 
at 100® F. For higher pressures an oil of 320 seconds or higher at 100® 
F. should be used. Sec Table 

Automohile or Gas-Engine Oils. Gas-engine oils, particularly for the 
cylinders, should posse.ss as their chief requi.site, besides that of lubrication, 
the property of not carbonizing at the temperatures attained. The liability 
of carbonization sc‘ems to be intimately connected with the amount of tarry 
matter jieldod in the gumming test and residue in the carbon residue test. 
For automobiles see specifications Table \TII for grade C ami D Oils. 

Belt Oils or Dressings. Where the object is the softening of the belt 
they are usually nuxtures of solid fat, waxes, degras, or tallow with fi.sh 
oils to make the belts cling; in some cases they arc mixtures either of corn 
or cottonseed oils, which have been treated with sulphur chloride, with 
mineral oil and thinned with naphtha, or they may be mixtures of the 
alK)ve fats with rosin or rosin oil. These arc least desirable. Prepurutioris 
containing wood tar are also used. 

Neat’s-foot and castor oil are excellent but should be sparingly used: 
resinous substances are deleterious and shorten the life of the belt. 

Car Oils, Reduced Oils, Well Oil, Black Oils. These are commonly 
crude oils from which the more volatile portions, the naphthas, and, burn¬ 
ing oils, have been removed by distillation. Some railroad specifications 
require a gravity of 29® B6., flash-point 280-300® F., cold test 10-32® F., 
according to the season of use, and a viscosity IGO to 220 seconds at 130® F. 
The lower figures refer to the "summer,” the higher to the "winter” oils. 
See also Table VIH. 

Compressor and Ice-machine Oils. These arc light spindle oils of a 
gravity of 26-27® B4. 60 to 100 seconds at 70® F., viscosity 325-360® F., 
flash, and a cold test of 0 to 4® F. 
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Crankcase Otis. These should emulsify but little with water, con¬ 
sequently should be pure filtered mineral oils and not acid-treated oils. 
Much seems to depend upon the water with which the oil is mixed in the 
crankcase, so it is difficult to predict how oils of practically the same con¬ 
stants will behave with different waters. An oil giving these figures has 
proved eminently satisfactory: gravity 26-27® B6., flash 455® F., viscosity 
100 seconds at 212® F. 

Cylinder Oils. Cylinder oils, or more accurately, steam cylinder oils, 
as the Germans call them, are divided into low and high pressure. Here a 
different problem has to be met, that of making the oil adhere to the sur¬ 
faces of the piston and valves. This is accomplished by the addition of 
some fatty oil which adheres to the metals and the mineral oil adheres to it. 
*1 he action of the fatty oils would seem to bo analogous to that of a mordant 
in fixing dyes. Pure fatty oils, while they have been, and may now in some 
cases (with low pressures) be used, are open to the objection that these, 
being glycerides, are decomposed by high-pressure steam with the libera¬ 
tion of fatty acids which attack the iron of the cylinder, causing pitting 
and scoring. 


CaH.r,(St)3 + 3 H 2 O = C;,H 5 (OH)a + 3HSt.> 


On the other hand, when the condensed water from the exhaust steam is 
used as boiler-feed water, owing to the fact that these fatty oils emulsify 
so well with it, renders it necessary to use pure mineral oils. The cylinder 
stocks, that is, the pure petroleum bases, have the following characteristics. 
Gravity 25-28° B6., flash 500-630° F., viscosity 100-230 seconds at 212° F. 
It would seem hardly necessary to state that the low-pressure oil should 
have the lower of these figures. The viscosity of cylinder oils should be 
taken at the temperature corresponding to the pressure at which they are 
to be used. For superheated steam the following figures are given for the 
oil to be used: flash-point 625-640® F., viscosity 315-325 seconds at 212® F. 

The fatty oils used are, degr^, tallow, linseed, cottonseed, and blown 
rape, all as free from acid as possible and in quantities varying from 1 to 
25 per cent; the wetter the steam the larger the amount of compounding. 

Engine Oils. Engine oils are classed as light and heavy; besides being 
used for engines, as their name denotes they find general employment for 
shafting, machinery, etc., about the mill or works. They are usually 
hydrocarbon oils of gravity 32-23® B6., flash 300-430® F., and viscosity 
from 50-400 seconds at 70® F. Where the duty is heavy or the bearings 
are rough, they are sometimes mixed with anim al oils, as lard or whale oils. 

A heavy oil has a viscosity of 280-340 seconds at 100° F., medium is 
175-200 seconds, and light 50-150 seconds at 100° F. 

For Diesel engines^ special oils are required as follows; for high-speed 

* St ■= Stearic acid radical — CuHtiCOO. 

* Battle, "Lubricating Engineer’s Handbook,” p. 197, 
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marine engines, a neutral filtered oil of 150 seconds viscosity at 100® P.; 
for hea\ier engines, a filtered cylinder stock of 150 seconds viscosity at 
212® P., for hea\' 5 ' and slow-spccd engines, an oil of 150 seconds viscosity 
at 100® F. See Table Mil. 

Greases. Gillett* divides the greases into six classes: 

1. The tallow type, a mixture of tallow witii palm-oil soap with some 
mineral oil; this was common twenty j’cars ago. 

2. The soap-thickened mineral-oil t^^pe, a mixture of mineral oil, 
usually with lime or sometimes soda soaps, the commonest tjTx: at present. 

3. TjT>es 1 or 2 mixed with graphite, talc, or mica. 

4. The rosin-oil type, a mixture of rosin oil thickened with lime, or 
sometimes litharge, with mineral oil. They contain often 20 to 30 per cent 
of water and arc used as gear grea.ses. They may contain also tar, pitch, 
ground wood, or cork, and any of the fillers mentioned in 3. 

5. Non-fluid oils: oils or thin greases stiffened with “oil pulp” or 
“dope,” i.e., aluminum oleate. 

6 . Special greases with .special fillers. 

3'hese greases show a high coefficient of friction at first, causing a rise of 
temperature which melts the grease, producing the effect of an oil-Iubri- 
cated bearing. The graphite grejises show an urjexpectedly low lubricating 
power; the rosin greases .show a high friction at first, but after the bearing 
ha.s warmed up compare well with the more expensive greases. The high 
moisture content would seem to have the advantage of making them le.ss 
sticky. The lime soap greases (Class 2) are not as good as the tallow greases 
(Class 1), and are inferior as lubricants to those compounded with soda 
soaps. 

By choosing the materials, soft or hard soaps, and light, medium or 
heavy oils, or solid greases, with suitable fillers, talc or graphite, and vary¬ 
ing their proportions, greases can be made in any desired consistency, from 
the semi-fluid oil to the hot neck grease. 

Greases are in many cases to be preferred to oils, particularly where 
oil spots from the bearings are to be avoided. They are used U|x>n dynamos, 
shafting, gears, and where heavy pressure is applied, as in the trains of 
rolls in rolling mills. 

Some of these greases have received special names, as fiber grease, gear 
or pinion grease, graphite grease, petroleum grea.se, and hot neck grease. 

P'iber grease is so called because it appears to be fibrous, c.specially 
when pulled apart; it is an anhydrous soda or potash soap (Class 1) mixed 
with mineral oil. Gear grease is usually a mixture of fiber grease with 
mineral oil, or it may contain rosin oil (Class 4). Pinion grease is com¬ 
monly made from petroleum residuum (still bottoms); pine tar is often 
added, and in some cases the grease consists solely of this tar to the detri¬ 
ment of its lubricating qualities. 

* Jour. Ind. and Chem., I, 361. 
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Graphile grease is a mbcture of about one part, graphite and two parts 
gear grease; it is especially useful in wet places, as it is not easily washed 
out of the bearings, particularly if it be compounded w'ith a lime soap. 
Petroleum grease is a hea\'y vaseline-like body obtained from still re.sidues 
(Chapter XXX’II) after the cjdinder oil has been distilled off. Hoi neck 
grease is the stiffest of all the greases; it is usually a stearine or wool 
grease pitch, or petroleum residuum mixed with rosin, talc and graphite. 

The following tests are usually applied to the greases: flash, free acid, 
dropping-point, soap content, free oil or fat saponifiable and mineral, free 
lime, fillers, and water. 

For the flash-point a 50 cc. porcelain cnicible is used; the free acid 
is determined as with the oils; the dropping-point, according to Ubbe- 
lohde’s rnethotl, by noting the temperature at which drops fall from a 
tube of grease surrounding the thermometer and having a standard orifice 
at the bottom. The .soap content is most readily determined by ashing 
the grease and applying the usual quantitative methods to the ash. The 
free oil or fat is determined by e.xtraction with gasolene, or if lune soaps be 
pre.sent, with ethyl acetate at room temperature; the oils extracted are 
examined as described under oils; the free lime and fillers are determined 
l)y the usual quantitative methods. Water is best determined by distilling 
with xylol accortling to Dean. The following table shows the composition 
of some of the greases. 


COMPOSITION OF SOME GREASES • 
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Grease or “cup gjcase” should be homogeneous, and contain at least. 
80 per cent mineral oil of 24-28*^ Be.; it should be neutral—containing 
neither free alkali norfatty acids, nor should it tamtain grit nor useless filler, 
as paraffin wax. I lie ash should not exeee<l 2.7v5 per cent, and the loss on 
evaporation for an hour at 110® should not exceed 3 per cent. 

en<jnie oils have about the f<>ilowing charact<'ristics: gra\'ifv 
22®-24® }i6., viscosity 350-580 seconds at 100® F.; flash 395—170® F. 
These are usually compounded with as much as 15 per cent of extra Xo. 1 
lard, or 25 per cent of blown rape oil to give them lathering properties in 
contact with water. Experience has shown that the addition of these 
organic oils is unnccessarj'; they are expensive and gum the wick feeds. 
Table \TII gives some other specifications. 

Milling Machine or Soluble Oils. These are usually lard, sulphonated 
oils, or mineral oils held in suspension by .soaps or alkalies, as bora.x-sodium 
carbonate; the soaps are either ammonium, sodium, or potassium, with 
oleic, resin, or sulplio fatty acids. They should not appreciabl 3 ’ attack the 
metals and should form a persistent emulsion. The U. S. Xavj' require¬ 
ments arc that upon twenty-four hours’ standing upon polished brass or 
copper it must not be turned green. German reejuirements are that a 
steel plate, 30 by 30 by 3 mm. should not lose more than 18 mg. in a 1 or 2 
per cent solution of the oil after Ij'ing for three weeks in it. 

Neutral OH. yVn oil without “cast” or “bloom,” obtained 1)3'- sunning 
in shallow tanks. The tenn was fonnerl 3 ' applied to oils of 32-30® Bd., 
290-318® F. flash aiul 47-81 seconds viscosity at 70® F. 

At prc.s<'nt the term includes “viscous neutrals” of a viscosity above 
135 seconds at 100® F. and “non-viscous neutrals” below this figure. 

"OiUdag." This is the term applied by Acheson, the discoverer 
and maker of carlx)rundum and artificial graphite, to a colloidal sus¬ 
pension of pure dcflocculated graphite in oil, so fine that it will go through 
the finest filter paper. Care must be taken that the oil is free from acid, 
whether mineral or organic, as this causes a precipitation of the graphite. 

Oilless Bearings. These arc wooden blocks, often of maple thoroughly 
impregnated with 35 to 40 per cent of grease, which replace mcbil journals; 
the grease may be a mixture of paraffin, myrtle, or beeswax with stearine, 
tallow or vaseline. 


Screw-cutting Oils. These are often mixtures of 26-29® B6. paraffin, 
and 25-30 per cent fatt 3 '^ oil, preferably cottonseed, although lard and 
whale are sometinses used. See also Milling Machine oils 

Text He Machinery Oils. These are spindle oils, loom oils and the 
various kinds of engine oils. 

Loo7n Oil. This is merely a heavy spindle oil. One which the writer 
tested had a gravity of 28®, flash 360® F., and viscosity of 203 seconds. 
Here, as in the case of spindle oils, the evaporation test should be low, 
as the hydrocarbon vapors formed have occasioned serious fires. 

Spindle Oil. This is the lightest and most fluid of the lubricating 
oils. The gravity varies from 27-35® B6., the flash from 320^30® F., 



998 


INDUSTRIAL CHEMISTRY 


the viscosity 30 to 400 seconds Saybolt at 70® F., and the evaporation 
test should not be over 4 per cent. From what has already been said, 
nowhere is the necessity for low viscosity greater than in the case of 
these spindle oils when the bearings are multiplied by thousands. A case 
is on record where the increase in the viscosity of the spindle oil stopped 
the engine and shut down the mill. Besides being used for spindles it is 
used for sewing machines, typewriters, etc. 

For bath spimlles the viscosity may be 95 to 100 seconds at 100® F., 
for open spindles this may be increased to 140 or 150 seconds. 

Stainless Oils. These are spindle or loom oils mixed with fatty oils 
—lard or neat’s-foot; the fatty oil, being more caily emulsified or possibly 
saponified in the scouring process, aids materially in washing out the 
mineral oil with which it is mixed. One type of these oils is compounded 
of 40 per cent neutral oil, 30 per cent cottonseed, 20 per cent olive, and 
10 per cent first-pressing castor. 

Transformer Oils. These should be cither pure rosin or mineral 
oils and be free from water, acid, alkali, and sulphur. They may be freed 
from the first two impurities by treatment with sodium wire or from water 
by calcium chloride after the usual method of organic chemistry. They 
should not lose more than 2 per cent when exposed to 190® F. for eight 
hours, have a viscosity of about 400 seconds at 70® F., a flash of 340-380® 
F., and remain liquid at 32® F. 

Transmission Oils. These are petroleum products, free from fillers, 
used for the lubrication of transmission and differential gears, worm drives, 
ball and roller bearings, and their bearings. See Table VIII. 

Turbine Oil. Steam turbines require a pure filtered non^emulsifiable 
mineral oil of most excellent quality; as the oil is circulated around the 
bearings by a pump it should be of low viscosity and gravity and free from 
acid, mechanical impurities, and tendency to resinify: it should be low 
in sulphur contents. An oil of 29-31® B6., 145-180 seconds viscosity at 
100® F., and 390-420® F. flash has given good results. 

Watch Oil. For oiling the most delicate machinery as watches (and 
clocks) the oil obtained from the dolphin, blackfish or “snuffer” is used. 
This exists in the cavities of the jaw and also in the brain or “melon” 
of the fish; it is rendered at a low heat, chilled and filtered at a low tem¬ 
perature, bleached and refined by sunning in contact with lead plates 
to remove acid. It is a pale yellow, very fluid oil of peculiar odor; the 
viscosity is about 100 seconds at 100® F. 

Finally, in making out specifications, certain mechanical details 
should not be overlooked. The barrels should be clean and the oil should 
be free from specks, dirt, stearine, glue, or anything likely to clog the 
lubricators that may be used; the oil should be free from tar (still bot¬ 
toms) as shown by the gasolene test, and if compounded should be com¬ 
posed of oils that mix perfectly. 
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TABLE Vm-LUBRICATING OHS-{Concluded) 
Specifications for Lubricants and LiguiD Fueus. (Revised, March 18, 1924) 
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Chit A eovOT grades of petroleum oil uacd for general lubrication where a highly refined oil ia not re<iuifcd; *>nly refined peirolrujn oila without udniixfure will 
be considered. 

CUui B covers grades of petroleum oil (or lubrication of turbines, dynamoa and highspeed stenni engines uaiiig circiilnting and forced-leod systems 
Cfott C covers grades of petroleum oil (or lubricating hoM turbine and internal combustion engines. 

Clou D covers the grades of petroleum oils used by the government for lubrication of internol combustion engines, cicept aircraft, and UicscI engines. 
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CHAPTER XXXIII 


SOAPS AND SOAP PRODUCTS 

MARTIN H. ITTNER 

Chief Chemi^l, Colgntr~P<Urnoliv€-Peet Co., JcT.^nj CHy, X. J. 

Historical. The early historj' of soap is shroufled in mystor>'. Soaps of 
some character were used in pre-Christian times. It is probable that 
they were quite different in chemical composition and manufacture from 
what we now call soap, btit on the other hand it is also probable tliat in 
use they acted in a manner very similar to mod(‘rn soap. Wood ashes and 
other alkaline substances, when used witli water to wash dirty greasy 
surfaces, clean rather effectively because of the ejise with which they form 
emulsions, and such emulsions almost invariably form a little real soap. 
During the Middle Ages the manufacture of soap is known to have been 
carried on in a number of European countries. 

Up to very recent times no great care was cxcrci.sed in preparing 
fats and oils for the soap kettle and much that went into the kettle was 
fatty meat scrap or impure fatty matter. Olive oil was one of the first 
fatty materials to become available in a reasonable degree of purity and 
for this reason soap made at Marseilles, where this material was used, came 
to be known as soap of good quality. 

The most common source of alkali in early days was wood ashes. The 
large scale manufacture of soda from salt, first by the I>eblanc process 
and later by the Solvay process, htis given the soap-maker a better and 
cheaper alkali than he formerly obtained from wood ashes. 

^ap-making is a chemical process, but the chemistry involved was 
entirely unknown to early soap-makers, and we have to thank Chevreul, 
a French chemist who lived a hundred years ago, for having carried on 
researches that disclosed the true character of fats and soaps. 

Soap in water solution is the best cleansing agent wc know. Its value 
is universally recognized and we need try only for a short time to do without 
it to be brought to a realization that it is an important necessity in our 
lives. Soap is a salt of a metal with a fatty acid. As the fatty acids occur 
mbced in nature and not singly, soap is, in general, a salt of a metal with 
mixed fatty acids. The alkali metals, particularly sodium and potassium, 
give soluble soaps and when we refer to soap as a cleansing agent wc think 
of sodium soap or potassium soap. Lithium makes soaps but they are 
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loss soliil)lc than soda soaps and not apt to come into general use even 

were lithia to become much cheaper. The alkaline earth metals and the 

eartli metals and other metals give soaps that are insoluble in water and 

unfit for cleansing. Suffice it to say that some of these metallic soaps 

Iiavo other special uses, as in making lubricating greases, paint dr>'ers, 

and water-proofing compounds. A study of the insoluble soaps would 

lead us into other fields of chemical technology, but before dismissing 

them it is well to bear in mind that a good and common w'ay to make these 

metallic soaps is through the chemical interchange of a solution of a salt 

of one of these metals with an alkaline soap in solution. The metallic 

soap is precipitated and can be purified by filtration and washing with 
water. 

Mater that is spoken of as “hard” contains some of these metals 
in solution, calcium, magnesium and iron being the metals most com¬ 
monly met with in natural waters. Before such water becomes an efficient 
cleanser wdth soap, all of the iron, lime and magnesia are precipitated 
as insoluble soaps, after which further amounts of dissolved alkali soap 
begin to form suds and exert cleansing qualities. 

Theory of Soap-Making. If any of the common fats or fatty oils— 
as tallow, lard, grease, palm oil, olive oil, cocoanut oil—is subjected to 
boiling or intimate mixing with a solution of an alkaline hydroxide or caustic 
alkali, as for instance caustic soda, a chemical reaction sets in known as 
saponification and there are formed simultaneously two new substances, 
soap and glycerine, that were not present in the original fat or alkali. 
Glycerine may be recovered and purified or it may be left in the soap. 
Formerly it was left in the soap but now it is generally recovered. For 
purposes of graphical explanation, the fatty acids may be represented by 
the general expression R. COOH in which R— may be any organic group, 
like Ci7H:j. 5— in stearic acid or C15H31— in palmitic acid, or R— may be 
used to represent an unsaturated group such as C17H33— present in oleic 
acid. Then, as R—COOH can be taken to represent any fatty acid 

R—COOCH 2 

R—cooin 
R—COoiH2 

will represent in general any glyceride. Glycerides occur in which there may 
be two or even threedifferentgroupsasrepresented by R—in the same mole¬ 
cule. All of the fats and fatty oils are made up of mixtures of various 
glycerides. The term fat is applied to glyceride mixtures that are solid, and 
oils or fatiy oils to those which are liquid at ordinary temperatures. They 
are of either animal or vegetable origin but should not be confused with 
mineral oils which are mixtures of hydrocarbons and do not yield soaps in 
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the same way. The saponification of glycerides, the constituents of all 
fats and fatty oils, may be represented thus: 

RCOOCH. CH.OII 

i I 

RCOOCH H-3XaOH = 3RCOONa + CHOH 

I Cauflic Soap. | 

RCOOCHi. C-'H-OH 


Cilycondc 

(Fat) 


Glycerol 

iOiycenu^) 


ChevTOul isolated stearic, palmitic, and oleic acids and glycerine from 
some fats after saponification. This fact has given rise to a popular belief 
that juggling of those three acids, or glycerides from them, will account for 
all the common fats and fatty oils. But this is an erroneous view, and the 
acids that may be derived from fats and oiLs are more numerous and more 
complicated than is generally supposed. Soaps made frt>m one fat or oil 
may resemble soaps made from another in some re.spocUs, yet they are 
almost sure to have a certain number of distinguisliiiig characterLstics. 
This makes it difficult on the one hand to distinguish all the constituent fats 
u.se<i in rtiaking a soap, and on the other hand to make a soap that will not 
disclose the fact that it was made from mixed f:iUs rather tlian from a 
single one. 

Raw Materials. Practically all of the animal and vegetable fats and 
oils have some .soap-making value. Some have a very limited application 
because of their propertie.s or for economic rea.sons. They may be suitable 
but scarce or too high in price becau.se of a demand for edible or other uses. 
The more common onc.s are tallow, cocoanut oil, palm oil, olive oil, palm 
kernel oil, soya bean oil, peanut oil, cotton oil, corn oil, grea-ses, linseed and 
sesame oils, whale oil and fish oils. Some of the.se are very .suitable for 
soap-making. Linseed oil is applicable to the making of soft soaps but is 
not good for hard soaps unless hardened by hydrogenation. To some extent 
soya bean oil and corn oil show the same qualities. Fish oils and whale oil 
give soaps with a disagreeable fishy odor unle.<>s they have been partly 
hydrogenated. Palm oil as obtained is deeply colored and would make a 
very yellow colored soap and colored suds and must therefore be bleached 
before it is fit for .soap-making, but when bleached it is a most excellent 
raw material. Cotton oil was formerly used on an enormous scale for soap¬ 
making, but now it demands a high price for edible purpo.ses. Olive oil 
enters into some good toilet soaps. It is used for making Castile soap. 

Another soap material must be mentioned here wliich, though neither 
a fat nor a fatty acid, behaves nevertheless like a fatty acid. This is rosin, 
the common resin obtained from the gum of pine trees. Rosin consists 
chiefly of abietic acid which, when combined with alkali, gives a valuable 
cleansing body very closely allied to regular soaps in its properties. Rosin 
soap softens water, forms abundant suds and cleanses efficiently. It is 
readily soluble even in cold water to an extent that will form suds. For 
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this reason the use of a certain amount of rosin soap in household soaps 
niakc’s them more generally acceptable than if they were made without the 
use of rosin. Such soaps are yellow to golden yellow in color though they 
give white suds. White household soaps can not be made with rosin soap 
and for this reason they must be made with a fairly high content of cocoanut 
oil soap to provide free sudsing qualities, as cocoanut soap is more soluble 
in cold water tlian tallow soap and therefore improves the sudsing qualities, 
though it is not so good for this purpose as rosin soap. 

Melting Room. The large modern soap factorj^ consumes many thou¬ 
sands of tons of fats in the course of a year. Most of this material is 
brought in in tank cars or in casks or tierces. Tank cars are connected to 
pipe lines and tlie contents pumped to storage tanks. The tank cars 
should be provided with steam coils that can be used if necessary to melt 
the contents so they will flow readily. 

Casks and tierces are emptied in a melting room or "steamer.” This 
is a room with a number of long sloping troughs about one foot wide set 
into the floor. At intervals of about 3 feet there are short steam pipes 
provided with swinging elbows. The casks or tierces are rolled into the 
melting room, the bungs knocked out and bungholes turned down over the 
troughs, and a steam pipe inserted into each cask. The room is then closed 
and live stoam turned on until all the fat has been melted and nin out and 
until each cask has been steamed free from fat. The melted fat runs 
along the troughs to tanks from which it is pumped to settling tanks. The 
melted settled fat is separated from the watenand removed to storage tanks 
provided with closed steam coils. AH tanks should be provided with care¬ 
fully graduated gages and floats attached by chains to indicators sliding 
along the gages to measure contents, or amounts added to or taken from 
the tanks. It is an excellent practice to have large weigh-tanks to check 
the movements of stock through the factory. It is always important to 
use every precaution to see that no water is pumped with the fat, for unless 
this is done grave errors may be made either with gages or weigh-tanks. In 
pumping fats, oils or soaps it is always important to blow steam through 
all the pipes and the pump before beginning to pump. This is done for 
two reasons, to heat the line and prevent chilling or clogging, and to clean 
out other material. After pumping, the line should be blown out at once. 
Sometimes the bulk of the contents is blown out with compressed air to 
avoid getting water into it, but it is always best to end up with a thorough 
blowing with steam to leave the line clear and clean. It is not necessary 
to blow this steam into the oil tanks. Valves may be closed at the ends of 
the line, a by-pass opened and steam blown through and the cleansings 
blown into a blowout tank or some soap pan. Much of the material after 
steaming out and settling from water is ready for soap-making. This is 
stored in tanks until pumped to the soap pans. 

Bleaching Fats and Oils. Some of the soap fats are not in a condition 
suitable for pumping direct to the soap pans but must go through some 
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special troatnicnt to remove color or other impurities. TIutc is no set 
treatment that is best and applicable to all fats or «)ils. I-'aeh lot slmuld 
be given prelimiiutry laboratorj* treatment wliieh s(*rves as a diagnosis an<l 
determines the factory treatment. It will be w(“Il to d<‘scribe tlu* more 
common treatments that are used to improve fats ami oils for soap-making. 

Palm oil when receixaal is apt to contain som<? moisture ami a small 
amount of sticks, fiber and (?arth, and to be posse.ssed of a deep yellowish 
red color. Steaming and .settling will remove the dirt. The oil is then 
subjected to bleaching. Thi.s is usually an o.xid.ation treatment which 
destroys the color. Two of these are in vogtie, dichromate and acid, and 
air blowing. The first is probably the better and the latter the easier. 
For the dichromatc bleach the oil is heated to a gentle heat just above tlio 
melting point and agitated with air or preferably with a mechanical rni.xer 
with about 1 per cent of sodium dichromate and 2 or 3 per cent of 
muriatic acid. It is best to avoid too much heat and too rapid action at 
the start. After all the dichromate has been u.scd up, as can be se<'n by 
an absence of any reddish appearance in the af|ueous layer wliich should 
now have a clear green color, hot water is added and after thorough mixing 


the oil is allowed to settle. 


Sulphuric aci<l is sometimes used in place of 


muriatic, but it i.s slower acting and requires more patience. For air bleach¬ 
ing it is quire important that the oil should be well settled, clean and dry. 
It is heated in a tank provided with a closed steam coil and a perforated 
coil for compressed air. Good oil bleaches readily; poor oil very' slowly. 
A temperature somewhat above the boiling point of water is probably best 
though a lower temperature and longer blowing will answer. In this way 
a good oil may be bleached to a very light yellow color free from any of its 


original reddi-sh coloring matter. 

In all oxidizing bleaches of palm oil, especially in air Ideaching, the 
oil itself undergoes some oxidation changes and the oxidation products 
thus formed cause the soap made from sucli bleached oils to take on a 


brownish hue which increases on aging. 


Crude cotton oil Ls first subjected to a refining treatment. This con¬ 
sists of stirring in a slight excess of dilute caustic soda over the amount 
necessary to combine with all the free acid. In the case of this oil the 
soap or ‘^foots" thus formed has a strong solvent action on the coloring 
matter in the oil and therefore carries most of this color down with it. 

A very common bleaching treatment is to agitate the fat or oil with 
fuller’s earth at a temperature about 10* above the boiling point of water. 
Anywhere from 1 per cent to over 3 per cent of fuller’s earth is used, as 
indicated by a prcliminury laboratory test. After thorough agitation to 
obtain intimate contact between all parts of the fat with the earth and to 
allow time for absorption, the mixture is pumped to a filter press for 
filtration. The agitation is continued. The first filtrate is run back until 
a clear filtrate is obtained. ^Vhen all the material has been pumped to 
the press, compressed air is turned on to drive as much of the last portions 
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of fut ns possil)lc through. The discharge trough is now changed and 
live steam is driven through the press to steam out all the fat possible, 
'riie filter cake will contain fat approximating 20 per cent of its weight. 
SoiiK' greases j'ield to fuller’s earth bleaching and some to dichromatc 
treatment. Some do not improve with either treatment, and all fats arc 
apt to become darker with prolonged heating. Certain greases may be 
helped by heating them just above the melting point and squirting into 
the agitated mass about 1 percent 60® B6. sulphuric acid. Tlie mixture 
.'iliould be watched carefully to avoid any over action. Hot water and 
steam can now be applied and the diluted acid then allowed to settle. 
I'he grea.se is often fit for use after this treatment or is changed thereby 
to a comlition so that it will yield to fuller’s earth or other eartli bleaching 
treatment. Carl)on blacks sometimes work w'ell on fats either alone or 
with eartli. Some fats are treated with hypochlorites. This is rather a 
tirastic oxidizing treatment and fats so treated are apt to revert, therefore 
some manufacturers follow this oxidizing treatment with a strong reducing 
agent such as one of the hydrosulphites. 

Different Kinds of Soaps. There are different ways of classifying 
soaps but it is perhaps best to divide them into toilet soaps, household 
soaps, and industrial soaps. Toilet soaps are generally made from olive, 
palm, and cocoanut oils mixed or separate, and from tallow and cocoanut 
oil. Transparent soaps are made from tallow and cocoanut oil, or from 
tallow and rosin. Toilet soaps arc made for washing the hands and face 
and for the Imth and demand the choicest materials. They usually contain 
some cocoanut oil, but too much of this material gives a soap that is hard 
on the skin. Shaving soaps are a special branch of toilet soaps. They are 
usually i>repared from some kind of hard stock with the aid of potash 
alkali. The potash adds to the free lathering qualities and to the lasting 
qualities of the lather, while the hard stocks give close lather. 

Household soaps are made from a great variety of raw materials, the 
commonest of which are tallow, rosin, greases, palm oil, and other stocks 
that may be available on a large scale. 

Industrial soaps include tallow chip soaps for laundries and large textile 
mills, green olive oil soap for silk washing and a variety of special soaps for 
special purposes. 

It has long been customary to speak of soaps as hard soaps and soft 
soaps as synonomous with soda soaps and potash soaps. This classification 
is no longer a good one. Most .soaps are soda soaps and there are several 
classes of soda soaps more important than all the potash soaps put together. 
Some potash soaps are solid and hard and some soda soaps are soft and 
even liquid, deriving more differences in their qualities from the kind of 
stock used than from the kind of alkali. Formerly the belief was held that 
only potash soaps were suitable for the washing of certain fabrics, but now 
soda soaps are giving eminent satisfaction in many places where formerly 
nothing but potash soaps were used. 
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Soap-Making Methods. Soap is made eitlier by boiling in a kottlo 
or pan, or by the half boilrd or cold proccs.s by mixing in a crutcIuT ami 
allowing to stand in frames. The boiling process i.s by far the most impor¬ 
tant and accounts for most of the .soap ma<lo. 

Soap Kettles or Pans. Soap kettle.*? are tanks provi<led with means 
for boiling and for drawing off lyes and .‘Joap. Formerly .«oap was b<*iled 
by building an open fire under the kettles, but now it is almost univer.*??il 
practice to jirovide the pans with both open and closed .steam coils. Soap 
pans are of different shapes and .sizc.s. Some are cylindrical with flat 
bottoms, other.s with conical bottoms, while some arc square with flat bot^ 
toms and still others square with pyramidal bottoms. A good soap boiler 
can make good soap in any of them if they are properly provided with open 
and closed steam for thorough boiling. A good shape .soap pan is a cylindri¬ 
cal tank about twice a.s deep as its diameter. There is a .slight ailvantage 
in a conical bottom. There is a double advantage in large pans. They 
take less labor per unit of soap and seem to give a b(‘tter settle than small 
pans. Pans liolding a million pounds of liejuid that will give about half a 
million pounds of finished soap are common in some factories. It effects a 
decided saving in heat to have the soap i)aDs insulated. This is especially 
desirable in winter. 

Soap Boiling. In describing .soap-making by the boiling process a 
definite procedure will be described, but it should be distinctly understood 
that the procedure Ls somewhat subject to modification both in order aiul 
detail as circumstances may demand, the main object being in each case 
to get a good finished product. 

Saponification, "Killing.” If the stock is to he “killed” in the soap 
pan it may be pumped in and the boiling st.arted with open steam before 
pumping is finished. At the same time caustic soda lye is run into the pan 
which should be kept in violent agitation by means of open steam boiling. 
Saponification starts at once. Even where the pan is so clouded with 
escaping steam that the soap can not be seen, the experienced soap boiler 
has no trouble in following the reaction by the sound of the spUvshing 
soap. This should not break too easily nor should it be allowed to become 
thick and tough, indicated by a dull flopping noi.«?c such a.s would be given 
off by hciivy mud. The first condition is due to too rapid addition of lye 
and the latter to insufficient lye. When the saponification is going well 
the mass will be smooth and will turn over freely with the e.scaping steam 
with gentle, free splashing. If the lye is added much bister than it i.s 
absorbed an excess soon accumulates that will “grain” the soap already 
formed and break the smooth emulsion that promotes rapid saponification. 
Such an excess of lye almost completely stops saponification and may cause 
considerable delay. The use of open steam in this step promotes emulsifi¬ 
cation and saponification very greatly. On the other hand, a worse fault 
is to hold back lye too long when the saponification is proceeding rapidly. 
This may cause a very troublesome thickening that sets in very rapidly 
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and stops ajjitation so tliat steam would have to be turned off to prevent 
an explosive eruption. If this condition is ever arrived at through careless 
liaiulling all tliat can be done is to pump in some lye in excess and turn on 
the closed steam until the lyc boils through and cuts the thickened soap. 

1 lie saponificatif)!! is really a verj’’ easy change to carry through and 
it can l>e done with great rapidity so that it will be completed almost by 
the time the last fat has been pumped into the pan. Old-time soap boilers 
had their pet strengths of caustic soda. They often started with a very 
weak lye and gradually increased the strength of lyc in several stages as 
th(' saponification proceeded. This is altogether unnecessary as stock can 


l>e saponified with lye of any strength from under 10® Bd., to lye of over40® 
B(‘. Weak lye will leave a ver>' large amount of water in the soap pan 
after .saponification, requiring more salt or “pickle” (brine) to salt out the 


soap, thus lessening the capacity of the pan and unduly diluting the 
glj'cerine lye, which, in turn necessitates greater evaporation in the 
glyc(Tinc department. In any event, no matter what strength of lye is 
used, it is desirable to carrj' the change far enough tocompicte saponification 
or closely approach complete saponification. This will necessitate at least 


some excess caustic soda and good hard boiling with open steam with such 
excess caustic soda while the soap is together and smooth, a condition that 
promote.s saponification. The soap boiler will choose one of two procedures 
at this time. He may operate with only a slight excess of alkali so that the 
lye taken from the pan after killing will have very little free alkali and 
may be .sent to the glycerine department after little or no treatment for 
removal of such alkali, or he may intentionally add an appreciable excess of 
lye and depend on a later treatment with fresh stock or partly saponified 
stock for removal of excess alkali from the spent lye before sending to the 
glycerine department. 


1 he soap boiler judges the completion of saponification by the smooth 
appearance of the free boiling soap and the fact that excess caustic lye is 
not used up by further boiling. This excess can be judged with considerable 
certainty by touching a small bit of the soap to the tongue. Caustic soda 
even when present in small fractional percentage gives a sharp characteristic 
bite when touched to the tongue. About a gram of the soap taken on 
the finger and pinched with the thumb until chilled will now give a flaky 
shiny piece of soap which is a good guide to the practiced eye. It is 
unnecessary to apply chemical tests at this time. 

Graining. Soap is insoluble in concentrated solutions of salt or in 
concentrated lyes. This fact is used in the further treatments of the 
soap. The soap is grained with strong salt solution or by shoveUng salt 
into the pan and boiling with the closed steam coils, or in some circumstances 
by means of concentrated lye. The graining process consists in increasing 
the salt content or caustic soda content of the soap mass until the soap 
becomes insoluble in the aqueous portion and separates therefrom in large 
curds. A pure tallow soap will separate well from a salt brine of about 
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10®-12® whereas a soap containing much coeoanut oil may require 
B6. or even greater concentration to separate well. The glycerine 
formed in Siiponification passes off largely in the fir.st treatments with 
brine, called “pickle wa.shes.” In some of these it is good to add some 


caustic soda, as this gives greater assurance of obtaining complete sapon¬ 
ification before the soap is finished and also cau.«os the lye to s(‘ttle out 
better. Saponification and washes may b<*, and sometimes are, carried 
out in a series of counter-current treatments that cause the glycerine 
concentration to increa.se and alkalinity to decrease as the lyes are passed 
from pan to pan before going to the glycerine department, thus minimizing 
the glycerine content in the finished soap and le.s.sening appreciably the 
amount of evaporation necessiirj' in the glycerine departm<‘nt. 

Rosin Change, ^^’hon rosin is used it is usually introduced in one of 
the last changes after most of the glj’cerine has been removed, as it yields 
no glycerine and its earlj* addition wo\il<l unnecessarily increase the bulk 
of the soap to l)e washed. Rosin may be shoveled directly into the soap 
pan to which enough salt or pickle has bf-en add(‘d to keep the soap open 
or grained and enough alkali to convert the rosin into soap, or the rosin 
may be saponified in a sepanite j)an with a solution of sodium carbonate. 
There i.s some advantage* in this latter proc(*dure, both because? <jf the slight 
saving in cost of alkali and also because of the opportunity to separate sticks 
and dirt that sometimes come in rosin anti prevent them from getting into 
the soap pan. The rosin soup thus made may bt? pumpe'd intt) the soap pan 
and the whole mass boiled thoroughly while in a grained or open condition 
until the rosin soap is thoroughly incorponited. The lye from the rosin 
change, if low in alkali and glycerine, may be run to the sewer. 

The pan changes will be dictated largely by the demand for soap and 1 he 
selling price of glycerine. Witli a high glycerine price an c.xtni wjish may be 
given, and with a demand for increased soap production a change may be 
omitted. 

It is customary to give a strengthening change to insure complete 
saponification. This is done by boiling the soap with salt pickle and lyc 
so the lyc that separates contains several per cent of caustic soda. The 
soap may be finished after removal of any of tlic lyes. 

Finishing and Settling. The last lyc is drawn off as thoroughly as 
possible. Open steam is now turned on and water gradually atldcd. The 
soap curds left in the pan after removal of the last lye are surrounded 
and wetted by the lye that had not dropped to the bottom of the pan ami 
could not be removed. This lye becomes diluted by the addition of water 
until the solubility of soap therein becomes appreciable and the viscosity 
of the soap mass approaches a minimum. Great care should be observed 
not to add enough water to cause the soap phase and diluted lye phase to 
coalesce. A two-phase system should be maintained, giving at the end 
a soap phase containing most of the soap with a small amount of 
dissolved alkali and a diluted-lye phase containing practically all the 
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salt, alkali, and soluble impurities, together with a small amount of dis¬ 
solved soap. 

Wlieii the soap is properly finished it will slide clear and thin from a 
liot shovel or trowel and if balanced on a hot shovel for a moment will 
.show slight surface cracks in the clear soapy liquor when the shovel is 
tipped, and will slide off, leaving the shovel almost clean but without any 
visible trace of a waterj' lye in the soap or between the soap and shovel. 

lien the soap has reached this stage after thorough boiling, the steam is 
turned off and the soap allowed to stand. The soap begins to separate 
into two sharp layers, tlie upper known as settled soap and the lower as 
nigre. ’ Tliese layers would be perfectly homogeneous throughout 
except for outside influences, chief of which is cooling. The nigre that 
separates at first is boiling hot, but as it becomes cooler on standing the 
solubility of soap in this lye phase is lessened, with the result that after 
several daj's standing and cooling a b'e layer develops under the nigre 
which is not at all different in kind from the first nigre to separate, but con¬ 
tains le.ss dissolved soap at the lower temperature. The settled soap 
consists of a very pure soap containing only about one-tenth per cent free 
alkali and one- or tw'o-tenths per cent salt in a good settle. During the 
settling most of the insoluble impurities will have dropped to the bottom 
of the pan beneath the nigre. The settled soap will contain about 30 per 
cent water, the amount varying somewhat with the kind of stock used; about 
34 per cent in a piire tallow soap and around 30 per cent in a tallow-rosin 
or tallow-cocoanut oil settled soap. The time of settling varies with the 
size of the pan. It may be complete in one day in a small pan and require 
a week or more in a very large pan. 

The settled soap is now pumped from the pan through a swing pipe that 
may be raised or lowered so as to skim the upper layer as thoroughly as 
possible from the nigre without drawing any of the latter with it. If the 
boil has been prepared for making into toilet soap it is pumped to a jacketed 
tank in the toilet soap department where it is kept hot and liquid until used, 
and if it is to be made into household soap it is pumped to the framing 
department. 

Clutching and Framing. The soap may be run in pure condition into 
frames and allowed to cool and solidify, or it may be mixed wdth certain 
materials which themselves possess some detergent qualities or water-soften- 
ing properties. Chief among these are sodium carbonate and sodium 
silicate. Borax is added to some soaps, as it also possesses some water¬ 
softening properties and is a mild form of alkah. 

The demand for pure settled soap for household use is very small in this 
country. Soaps containing silicate of soda and carbonate of soda constitute 
the greatest percentage of household soaps. These filling mixtures are 
much cheaper than soap, and soaps containing them can be, and are, sold 
much cheaper than the cost price of a pure soap and they give more actual 
washing value for the same money than pure soap. The advantage of 
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silicatod soaps is more pronounced with har<l water, though they also work 
well in soft water, and much of tlie natural water of the countrj* is at least 
moderately hard. 

The liquid soap is pumped to a tank above the mixing machines or 
“crutchers” aiul is nin in in tneasured or weighe<l amounts with definite 
amounts of the filling mixture and the wliole is agitated until it becomes 
uniform. Two general types of cnitchers are used, one with a vertical 
helical screw working in the central part to produce a circulation of the soap 
mass, and the other with a horizontal shaft provided witlj numerous short 
arms pitched at an angle revolving in a horizontal cylindrical shell. In 
either type the machine niu.st be kept full or considerable air will be incor¬ 
porated into the soap. There is an optimum framing temperature for each 
different soap that will give the best results. This is ver>' commonly in 
the neighborhood of 1-40® F. 

It is ver>' common practice to atld some perfume to .soaps. ev(*n to i7inny 
laundrj' soaps, to add a certain attractiv’cness ami also becatise perfuming 
materials have a preservative cpiality in soaps. The mixe<I .'^oap is now run 
out into frame.s which are large molds that hold half a ton or more of soap. 
The sides of the frames are removable and when th<* soap has chilled to a 
aoliil block it Ls stripped and is ready for cutting into bars. The .soap Ls 
ready for stripping in three or four days after framing and for cutting in 
about five days after framing. 

Slabbing and Cutting. It is customar>’’ to prepare househohl soaps for 
use by cutting into bars or cakes. ThLs work is done by machinery'. The 
stripped block of soap, riding on a wheeled bottom, is pushed into a slabbing 
machine which operates by drawing a sc*t of taut steel wires horizontally 
through the soap so as to cut it into slabs of equal thickne.ss, usually nearly 
equal to the width of the cakes or bars that are to be made. The slabs are 
then put through a power cutting machine in such a way that the slab 
moving lengthwise at first is ripped by taut wires into three or four bars 
that are as long as the slab and have a width nearly equal to the length of 
the finished cakes that are to be made. The partly cut slab is now pushed 
by a lateral motion through another cutting head liolding many wires that 
cut the soap finally into pieces the size of the finished cakes or bars. The 
soap is forced through these wires by two sets of pushing wooden "fingers.” 
The fingers are alternately long and short with a difference in length equal 
to the width of a slab of the soap. The shorter fingers thus push every 
other cake through the wires on to a movable drying rack while the longer 
fingers push the alternate cakes further so that they land on a second rack. 
In this way the cakes are spread so their surfaces are exposed to the air for 
drying. The racks piled on a large wheel bottom that will hold several 
tiers of racks are now passed through a drying room provided with means 
for circulating warm dry air. The object of this diying is to cause the 
formation by partial diying of a tougher " skin ” that will aid greatly in the 
pressing of the soap, yielding a good firm cake without sticking. Further 
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flO'ing in this way is entirely impractical where great production must be 

maintained, as loss of water in drying bar soap after tlie first 24 hours is 
exe('odingly sk)w. 

Pressing and Wrapping. The soap after passing througli the drying 
room is now fed to automatic presses which stamp it witli name and design 
and from the presses it passes directly to automatic wrapping machines 
and then to boxes and conveyors that take it away for shipping. 

Nigre and Scrap. In any soap-making process some scrap is formed, 
whde otlier portions of the soap become soiled so they are not fit to make 
directly into finished soap. In the making of settled soap the soap that 
goes into the nigre is not so good as that which constitutes the settled soap 
layer. The nigre soap resembles the rest of the soap in a general way but 
collects a somewhat larger percentage of the more soluble soaps and of the 
oxyacid soaps as well as most of the dirt and mineral impurities that find 
their way into the pan. The nigre also tests rather high in salt and alkali, 
as it is really a diluted lye containing dissolved soap. After the good 
settled soap has been removed for framing the nigre left in the soap pan is 
grained with salt and the grained soap may be used over in the same kind 
of soap or, preferably in the case of high grade soaps, sent to a pan in which 
a somewhat lower grade of soap is being made. It can be added to the 
pan at any time but most advantageously in one of the last changes. 

In cutting soap a certain amount of scrap is always formed. If this is 
kept clean it can be worked over into the same kind of soap by simple 
remelting for household soaps in a tank provided with closed steam coils 
with large heating area. Scrap that becomes contaminated with dirt and 
scrapings from floors and frame bottoms requires separate treatment for 
removal of the dirt which may even involve working over in a soap pan 
by itself with lye and pickle washes. 

Cold Process and Half Boiled Soaps, These processes are no longer 
much in vogue especially since the introduction of large-scale factory opera¬ 
tions, but some soap is still made in this way. The cold process works most 
advantageously with high-grade fats with low fatty acid content and since 
the process effects no cleansing of the soap, as does the boiling process, it 
IS really necessary to begin with good materials. The soap-maker weighs 
out a certain amount of fat or oil heated to just above its melting point and 
crutches into it a weighed amount of caustic soda lye containing just about 
the right amount of caustic alkali necessary to combine with the fat to make 
soap. This can be figured from the saponification value of the fat taken 
and the degree Baum4 of the lye used, making reference to lye tables in 
the hand books. Caustic soda lyes ranging from 30° Bd. to 40° B6. are 

used, but for most purposes a lye testing about 35° to 36° Bd. will be found 
to work well. 

The melted fat and cold lye are mixed in a crutcher until a veiy smooth 
emulsion is formed. This becomes milky in appearance and thickens imtil 
it is about the consistency of moderately heavy ^rup, when the soap is 
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poured into a frame anci allowed to stand at ordinary' feinpcraturo for a 
few days. A chemical action sets in rather quickly on .standing: with tlie 
formation of heat that pushes the reaction cIo.se to completion. If the 
fat used contains too hifili a content of free fatty acids this clieinical heatinj^ 
may be so rapid as to cau.se a partial separation of soap and lye in the 
frame with consequent poor result. Even when cold made soap is well 
made it contains all the impurities that may have been prc*sent in the fat 
and oil and is very apt to contain a small amount of both imcombitied 
fat and alkali. Cold made soaps have a very fine texture, however, that 
causes them to present a good appearance when they are well made. 

The half-boiled process is not greatly different from the cold procesvS 
excej)t that the saponification is completed or nearly oomph'ted in the 
emteher with the aitl of heat. Fatty uci<ls are sometimes used in making 
half-boiled soaps and when this is the case some or most of the glycerine 
may bo recovered. 

The Twitchell Process. It i.s sometimes desirable to conveid. fats 
and oils into fatty acids and glycerine by some kind of aqueous siiponi- 
fication other than with caustic alkali. In the candle industry' tliis has been 
done for many years by heating the fat in an autoclave under pressure 
with a small amount of some acid or ukalinc substance. Such substances 
as have been used are dilute sulphuric acid, lime, magnesi.a, zinc oxide, and 
zinc dust. The anrount of these reacting substances necessjiry is much loss 
than would be demanded by any molecular combination with the total fat 
used, and these reactions arc catalytic in their character notwithstanding 
the fact that they were in daily operation before catalysis wa.s generally 
recognized as a reality. Autoclaves arc expensive in any case and this 
expense is increased by the corrosive action of acids under pressure. 

If a fat or oil is boiled at atmospheric pressure with dilute sulphuric 
acid there will be a gradual hydrolysis of the material into fatty acids 
and glycerine. This hydrolysis is so slow and takes so long to approach 
completion that this process never offered any advantage over other 
methods. 

Twitchell found that a sulphonic acid made by treating a mixture of 
an aromatic hydrocarbon and oleic acid with concentrated sulphuric acid 
would serve as an active catalytic substance in hydrolyzing fats at the 
boiling point of water at atmospheric pressure. Naphthalene oleic sulplionic 
acid was the reagent most commonly used. This process made it possible 
to operate with good results in open wooden tanks, or with tanks provided 
with wooden covers. The method of operation is subject to variation, 
though the following treatment will give good results. 

The fat or oil from the storage tank is pumped into a large wooden tank 
until the tank is half full or a little more than half full. It is then boiled 
with open steam and given a wash with about 1 per cent dilute sulphuric 
acid at the same time. This acid^rcatment removes traces of impurities 
from the fat that delay hydrolysis. This is especially noticeable when low 
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grade fats are operated on. The acid wash may occupy one or two hours. 
After the acid li(pior lias been permitted to settle it is removed and fresh 
water is puniped in, equal to about half the weight of the fat, and Twitchcll 
reagent to the aniount of to 1 per cent of the fat used is added and about 
an eijual aniount of sulphuric acid, and the tank is boiled with open steam, 
'riie boiling should be just brisk enough so there will be sufficient steam 
pressure to prevent the entrance of air to the tanks, as it has been found 
that air tends to darken fatty acids rather rapidly near the boiling point 
of water and that this <larkening is emphasized by the presence of Twitchcll 
reagent. Boiling is continuetl for about twenty-four hours. A test of the 
acid will disclose the amount of hydrolysis. This may range from 65 to 85 
per cent. The hydrolysis is quite nipid during the first few hours and slows 
down very much as the free acid increases. It is better to stop boiling, to 
allow to settle and to draw off the acid glycerine water. At this stage of 
the process most of the Twitchcll reagent has gone into the fatty layer and 
it is therefore not neces.sar>' to add more reagent for further treatment 
though it is found best to hold back a small portion, about one fourth, 
of the reagent used to add to the second treatment. Some more water is 
added, a little dilute sulphuric acid and about \ per cent of Twitchcll 
reagent and the whole is boiled for another twelve to twenty hours. The 
hydrolysis may in this way be pushed to 95 per cent and even to approach 
closely to completion. The acid water containing glycerine is neutralized 
with lime and filtered. The calcium sulphate remaining dissolved in the 
filtrate can be removed by treatment with soda ash. This “sweet water" 
containing a fairly high concentration of glycerine to start with, 15 per 
cent more or le.ss, and very little dissolved mineral matter, may be evapn 
orated readily to the concentration of “saponification crude" glycerine, 
88 to 92 per cent, thus facilitating to some extent the recovery of glycerine. 
This process has been used extensively in the treatment of materials for 
household soaps and to some extent in the preparation of toilet soaps, 
though care must be exercised to exclude air from the hot acids, because 
air may cause considerable darkening. 

One of the principal uses of the Twitchell process is in the treatment 
of low grade materials that are not fit to make into good soaps direct, as 
“cottonseed foots" and garbage grease. These materials, after treatment 
with dilute sulphuric acid, are “ Twitchellized" until nearly or completely 
hydrolized. The acids, after steam distillation in partial vacuum, are white 
or nearly white and are used very largely in making white household soaps. 

During the last few years, the old Twitchell reagent has been replaced 
to a considerable extent by a “Kontact" regent which is a sulphonic acid 
body made from petroleum and which is more active and somewhat 
better than the old Twitchell reagent. 

Soap Powders. The term soap powder in this country is applied to 
powders that contain some soap and a considerable amount of soda ash 
which often exceeds the actual soap content. These powders were formerly 
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made by agitatinR in a powerful mill a mixture of hot liquid soap an<l (lr>’ 
soda ash. The resulting powder containe<l from 10 to 20 per cent of water, 
depending on the ratio of soap and soda ash used. As soon as the powder 
became cold it st‘t to a hard mass. It was reduced to powder by some type 
of disintegrating machinery', preferably one tliat did not resolve it all to 
fine dust. When this type of soap powder w’as put into cold or lukew'arm 
water it would set almost instantly to a hard mass that. dissoKaal only after 
much stirring an<l loss of time and patience. This was becau-se the amount 
of water present in the powder was far short of that needed to supply the 
ten mole<ailos of w'ater of ciy'stallization to convert tlic soda into s;d soda. 
For this reason those powders had great avidity for water and when 
dropped into water passetl almost immediately into a htird cake cementod 
together by the formation of s^il soda. 

It w’as found that the incorporation of more w'atcr in a soap [)ow<ler l)y 
the addition of sufficient wat<*r to bring about the formation ( i Na 2 C’ 03 - 
IOH 2 O with tlje greater piirt of the so<la ash useil gave a powder that tlLs- 
solved rapidly without caking with a small amount of stirring. These 
pow'ders contain about 35 to 40 percent w’ater. To facilitate disintegnition 
to powder ami solution in use, the mixture of soap, soda ash and W’ater is 
cnitched until greatly flufTed in volume, thus producing a bulky, fluffy 
product. When fluffy, hydrated soap powalers wert* first introduced the 
consumer at once recognized the advantage of pow'ders that dissolved 
quickly and easily, and the manufacturer liked them because they were 
cheaper ami easier to make, and these pow’ders now’ constitute the bulk of 
soap pow’ders on the market. The mixture of soap, soda ash and water 
may be run into frames until solidified or may be run over chilling rolls. 
In either case when the crj’stallization of the soda has taken place the mass 
may be disintegrate<l. The Albright-Nell mills are much used for tliis 
ptirposc. These are really machines that bring about a forced screening 
with very little actual grinding. Some soap pow’der is produced by spray¬ 
ing the soap mass under conditions that facilitate solidification and some 
drying. 

Chip Soaps and Flake Soaps. Both in commercial laundries and in the 
home for washing machines and for dishwashing, soaps partly dried and 
reduced to chip or flake form by passing through powerful rolls are in great 
demand. Chip soaps for commercial laundries are usually ntade from 
tallow, whereas those for use in the home usually contain both tallow and 
cocoanut oil. These soaps arc sold both with and \vithout a content of 
water-softening “fillers.” 

Spray Soaps and Bead Soaps. It has lM>cn found that soap blown 
througli spray nozzles in drying towers assumes a form that dissolves much 
more rapidly than chip soaps, and when the conditions for spraying are so 
controlled as to give small beads of soap, which are small spherical shells of 
dry soap, a form of soap is obtained that dissolves in the shortest possible 
time; almost instantly if the water is slightly warm. This type of soap 
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1ms bccomo very popular during the last few years for dishwashing and 
home washing macliino use. 

Scouring Cleansers. These are abrasives in powdered form with a very 
small soap content. They are verj' effective in cleaning floors and pots and 
pans and other badly soiled articles that will not be injured by a mild 
abrasive action. The abrasive used in the better cleansers is volcanic ash 
or pumice in fine powdered form, while the cheaper cleansers are made 
entirely of or mainly of silex with a very small soap content. 

Toilet Soaps. The soap-making part of toilet soap manufacture is sub¬ 
stantially the siiine as is used in making soaps for household use except that 
great care should be exercised in the selection of high grade clean oils and 
fats. Although good beef tallow is perhaps the most commonly used fat, 
it is probably safe to say that there is no very successful toilet soap that is 
made from animal fats alone. This is because of the fact that soaps made 
from animal fats which would be suitable for toilet soap-making, do not 
lather at all readily in cold or lukewarm water. For this reason practically 
all toilet soaps contain some vegetable soap material and some are made 
entirely of vegetable oils. Toilet soaps made with tallow generally contain 
cocoanut oil soap to make them lather better in cold water. 

The hot, liquid, settled soap which is to be used for toilet soap purposes 
is pumped to a steam-jacketed tank in the toilet soap department, where 
it is kept hot and liquid until used. This soap should be well made so that 
it contains very little excess alkali. When proper care is used the free alkali 
need not be over one-tenth of 1 per cent and the content of salt and other 
impurities will also be low. The settled soap base when made contains about 
30 per cent water but it is customary to dry most of this out before working 
it up into toilet soap. The old way of doing this was to allow the soap to 
chill and solidify, to cut it into bars which were then cut into chips, and 
to dry the chips in the air or in a dry room after spreading on racks. This 
method of drying has been almost entirely displaced by a system of continu¬ 
ous drying. 

Continuous Soap Drying. When toilet soap is made by the boiling 
process it is now customary to avoid framing and to dry the soap by some 
rapid continuous process which saves both time and labor and gives a more 
uniform product. The hot liquid soap is run from the storage tank to a 
hopper feeding on to some hollow metal rolls that are chilled by circulating 
cold water through them. Each roll runs next to another that revolves at 
a slightly higher speed. A soap film attaches to the first roll and passes in 
turn to each successively faster roll and becomes chilled to solid soap by the 
time it leaves the third or fourth roll. It is cut from the last roll in ribbon 
form by a knife that presents to the roll two rows of narrow chisel-like edges. 
Some means is provided to collect these soap ribbons and carry them 
through a drying chamber through which hot dry air is rapidly circulated 
by powerful fans. One means for accomplishing this is to permit the soap 
ribbons to fall on to a continuous wire belt, which in turn drops it to another 
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such bolt. In a short time the soap comes from the dr>’cr dried to any 
desired degree of drjmess. The soap is usually dried to about 10 per cent 
water content for making into toilet soap. 

Perfuming and Mixing. A weiglied charge of dried soap is put into a 
mechanical mixing machine together with the perfume and any color that 
is used. The mass is agitated until the perfume is distributed evenly among 
the soap ribbons. 

Milling. Tlic .soap is then dumped into the hopper of a soap mill which 
consists of a series of heav'y granite or steel rolls running clo.se to one another 
at varjdng speeds. The soap passes from one roll to the next revolving 
at a higher speed and as it pa.sscs between each set of two rolls it is worked 
together more intimately until it finally becomes smooth and homogeneous. 

Plodding. The well-milled ribbons of perfumed soap are fed into a 
powerful continuous compressor calle<I a plotlder that works it by a slowly 
revolving heavy screw into a solid ma.ss that flows through the machine 
under great pressure. The mouth of the plodder is fitted with a “nozzle” 
through wliich the soap is squeezed into a long, smooth homogeneous bar. 
These bars arc cut into small blocks of soap of the desired weight and are 
then pressed in suitable dies into finished cakes of toilet soap. Automatic 
pres.scs are much used for this work now and the various operations arc 
more or les.s synchronized and made almost entirely mcclianical. Even the 
wTupping of toilet soap has become largely a machine operation. 

Floating Soaps. Floating soaps are made by crutching liquid soap in a 
machine not quite full. In this way small air bubbles are beaten into the 
soap ma.ss until the volume has been increased sufficiently to cause the soap 
when cold and solidified to float on w’ater. As floating soaps must bo 
crutched while liquid and as dried soaps do not melt at ordinary working 
temperatures, these soaps always contain about 30 per cent water as 
dlstinguLshcd from toilet soaps, which are dried down to about 10 per cent 
water in their making. 



CHAPTER XXXIV 


GLYCERINE 

A. C. LANGMUIR 

Chemical Engineer. Hasiings^on^Hudeon^ N, Y. 

Historical. Glycerine has been known commercially only some seventy 
years. It was discovered in the year 1779 by Scheele during his investiga- 
tion of tlie action of litharge on fats, but years passed before the 
study and experience with the pure product showed the remarkable 
properties of glycerine, its permanence and non-volatility at ordinary 
temperatures, its softening effect on the skin and value in cosmetic prep¬ 
arations, its oily nature combined with its miscibility with water and 
alcoliol, its enormous solvent powers, its sweet and agreeable taste, and 
finally its value as a base for the most useful of all explosives, nitroglycerine, 
and dynamite properties which are not met with in any other one sub¬ 
stance, thus making glycerine an indispensable article. 

About 1823 Chevreul published his researches on the constitution 
of fats, showing that instead of consisting of a single substance they 
were composed of fatty acids in combination with a base, glycerine, 
and that glycerine was contained in the waste liquors of the soap and 
candle factories. Processes for the purification of the crude glycerine 
were not avaliable, however, until the early fifties, when pure glycerine 
was brought on the market by Sarg, of Vienna, and the Price Patent 
Candle Co., of London. Price’s glycerine was a standard for many years. 
The demand for glycerine was enormously increased by Nobel’s discovery 
of the value of nitroglycerine as an explosive in 1863. The only important 
source of glycerine to-day is in the fats and oils occurring in animals and 
plants. 

Constitution. Glycerine (sometimes termed glycerol) is a trihydric 
alcohol, C3H6(0H)3. The OH or hydroxyl group carries a hydrogen atom 
capable of replacement by acid radicals with the formation of an ester. 
Thus by the successive substitution of the hydrogen with the acid radical 
of nitric acid there would be formed glycerine mono-, di-, and trinitrate with 
the formation of one, two, and three molecules of water respectively. 
The fats are all triglycerides, all of the hydrogen atoms of the glycerol 
base being substituted by fatty acid radicals. Modem researches have 
shown that these triglycerides are mixed in character, two or more different 
fatty acid radicals being combined with one glycerol group. 
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Sources of Glycerine. Tlic worUl’s output of crude glyctTine is esti¬ 
mated at about 85.000 tons. It is alinost exclusively a by-product industr>' 
of the soap and candle trades and the outp\it dejjeruls not so much on tlu‘ 
demand for glycerine as on the worltl’s reciuiri'inents of soap and candles. 
The cause of this condition is the relatively small percentage of glyceriin‘ 
obtainable from the fats, the theoretical amount ranging from 10..5 
per cent with tallow to 13.5 per cent with cocoanut oil. In practice 
this Ls cut down by the free fatty acids always present, each 10 per ecuit of 
free fatty acids reducing the glycerine by about 10 per c<*nt. \N'ith the 
increasing use of high-grade fats for butter substitutes and the conversion 
of fatty oils to hard edible fats by the use of hydrogen anti catalytic agents 
the soap- and candle-maker are compelletl to rt'.'Jort to fats and oils of 
poorer quality than formerly. The.se fats are high in free acids and low in 
glycerine, so that the tendency seems to lie in the tiirection of lower yields 
in the future than in the past. 

Glycerine is also a by-product of the alcoholic fermentation of sugar, the 
amount produced being variously stated as 3 to 8 per cent of the alcohol 
formed. At any rate enormous quantities must go to waste in the residue.s 
fronj alcohol stills, as to date no commercial process for the recovery’ of 
this glycerine has been worked to any extent. During the Worlil War the 
Germans produced 1000 tons of glycerine a month by the fentjentation of 
beet sugar in an alcohol solution containing sodium sulphite. Proc¬ 
esses for the production of glycerine from molasses have been worked out 
in the United States. 

Glycerine has been subject to w’ide fluctuations in price, the rlynarnite 
grade selling for 10 cents a pound in 1908, 70 cents in 1017, and 11 cents in 
1930. The United States does not produce sufficient glycerine to meet 
its own rerjuirernents and there are from 10 to 30 million pounds of 
foreign crude impelled annually. 

Saponification. Only those industries requiring fatty acids in large 
amount can afford to produce crude glycerine. The candle-maker want.s 
primarily the white, hard stearic acid. The soap-maker after the com¬ 
bination of the fatty acids with soda in the form of soap and utilizes all 
of the higher fatty acids present. To separate the fatty acids from a 
fat it is necessary to break it up into its constitutents. This process is 
called 8aj)07iificaiion, and is brought about by the interaction of water 
and fat, fatty acid being split off and glycerine being produced. The 
decomposition with water alone is slow and requires very high tem¬ 
peratures. It is greatly facilitated by the addition of a catalytic agent, 
which may be of an acid or alkaline character. In the soap industry 
caustic soda is used, the soap formed emulsifying the fat and exposing 
a large surface of fat to the action of water. In the candle industry a 
small percentage of lime or magnesia is used, and the reaction hastened 
by a high temperature obtained by the use of autoclaves under a steam 
pressure of 250 pounds. In the Twitchell process, used by both the soap 
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and candle industries, the catalyzer is a sulfo-fatty acid, the hydrogen ion 
assisting the reaction and the sulfo-fatty acid acting as an emulsifier. 
Anotlicr method on a different principle is the Connstein process, depend¬ 
ing on the action of an organic fennent derived from the castor-oil bean. 
According to the method of saponification used crude glycerines of widely 
varying properties are obtained. These are: 

Soap-lye Crude Glycerine. This forms the principal source of supply. 
After the saponification of the fat by caustic soda the soap is thrown 
out of solution by the addition of salt. The mother liquor or spent lye, 
containing 4 to 5 percent glycerine, all the salt and the bulk of the impurities 
present in the fat, is purified by the addition of a crude persulphate of 
iron, obtained by the action of oil of vitriol on pyrit-es cinder or iron ore, 
or by the use of aluminum sulphate. A precipitate of the hydrate is 
thrown down, carrying with it albuminoids and metallic soaps of the higher 
fatty acids. This is removed by a filter press. The purification is only 
a partial one and in case low-grade stock has been used large amounts 
of impurities remain in the dilute glycerine. 

The next step is evaporation, formerly considered a process of great 
difficulty when fire-heated kettles were used, as the salt caked on the 
sides of the vessel. The modern method is a concentration in a vacuum 
evaporator. At a vacuum of 27 to 28 inches the boiling point is reduced 
to such a point that the salt separating does not adhere to the heating 
tubes, but drops into a chamber placed below. Exhaust steam may be 
used during the greater part of the evaporation, live steam being used 
to finish off. The salt is raked out on a vacuum-filter and after washing 
may be used again. The crude glycerine when cold has a specific gravity 
of 1.30 or 33.5® It is a saturated solution of mineral salts in glycerine 
and water. The salts consist largely of sodium chloride with some sul¬ 
phate and the sodium salts of the lower fatty acids. It is slightly alka¬ 
line with soda. The glycerine is usually about 80 per cent. It may run 
down to 60 per cent in bad crudes and up to 88 per cent in highly concen¬ 
trated crudes of the best quality. The organic matter not glycerine will 
average 2-3 per cent in good glycerines. The ash will run from 8-10 per 
cent in good crudes; 15 per cent and more in bad crudes and crudes carry¬ 
ing solid salt. 

Soap-lye crude may be easily recognized by its high salt contents when 
tested by silver nitrate, giving a heavy curdy precipitate. With basic 
lead acetate a heavy precipitate of oxychloride of lead is obtained. The 
specific gravity is high. 

Saponification Crude Glycerine. This is the by-product of the candle 
industry and the glycerine obtained when fats are split up by the Twitchell 
process, the fatty acids being used in the candle or soap trades. It is 
free from sodium chloride and practically free from mineral matter in 
the purer grades. The thin liquor from the autoclaves or Twitchell 
saponifying tanks after settling to separate the free fatty acids is treated 
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with a little lime or aluminum sulphate ami filter-pressed. It is then 
evaporated to a .specific gravity of 1.24 at 00° F. or 28° The gly¬ 

cerine standard for saponification crudes is 88 per cent. In poor gnules 
it will sometimes nin down to 82 per cent and less and occasionally is 
as high as 90 per cent in high-grade crudes. The ash standard is 0.5 
per cent and the organic residue 1 per cent although the.se figur(‘s are 
sometime.s greatly e.>:ceeded. As a nilc Twitchell saponifications are 
inferior to the autoclave crudes, not because the process is at fault, but 
because the Twitchell method makes available the use of low-grade 
fats and greases, which cannot be profitably treated in the autoclave. 

A saponification cnide is dLstinguished from a soap-lye cnidc by the 
absence of salt as shown by the silver nitrate test, by its low specific 
gravity and small precipitate with basic lead acetate. The latter may lx? 
heavy in bad crudes but is of a flocculent character and easily distinguish¬ 
able from the precipitate of lead oxychloride. Basic lead acePite affords a 
good method of finding the quality of sjiponificatiou crudes :is a high-grade 
product gives only a slight precipitate. 

(/rude glycerines produced by the fennentation proecss are out rarely 
met with. 

Purification. Crude glycerine contains mineral impurities such as salt, 
sodium sulphate, carbonate, hydroxide, acetate, butyrate, caproate, etc., 
together with iron, lime, arsenic, and other metals. As volatile impurities 
may l>e enumerated fatty acids split off from the sodium salts, acrolein 
produced during di.stillation, ammonia and amines, sulphur compounds and 
trimethylenc glycol. The last-named is contained in the low-grade crudes 
derived from products subject to fermentation. There are also non-volatile 
organic substances present, such as albuminoids, resinous bodies and poly¬ 
glycerols. 

The only method used for the separation of glycerine from these sub¬ 
stances is distillation combined with fractional condensation. By careful 
distillation the non-volatile substances are left behind in the still, and by 
careful control of the temperatures of the condensers the glycerine is con¬ 
densed before the more volatile impurities. 

Pure glycerine boils at 290° C. Saponification crude has a higher 
boiling point and soap-lye crude a still higher one because of the impurities 
in solution. At 290° C. there is considerable decomposition of the glycerine 
with fommtion of acrolein and polyglycerols, particularly in presence of 
impurities, and it was soon found that the glycerine could be distilled at 
lower temperatures and with less decomposition when the heavy vapors 
were carried over by steam. In the eighties, vacuum distillation was first 
used, as it was discovered that the boiling point of glycerine was materially 
reduced and the distillation facilitated by the use of a vacuum in the stills 
and condensers. This was combined with a steam jet, the steam being 
condensed to water before the vapors reached the vacuum pump. The 
source of heat was either a fire under the still, which also served as a super- 
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heater for the steam coil, or a closed coil in the still connected with a high- 
pressure boiler and a separate superheater for the steam jet. The condens¬ 
ers were a scries of air-cooled drums or pipes followed by water-cooled 
receivers, the glycerine being condensed in the hot air-cooled drums and 
the steam carrjnng some glycerine and volatile impurities in the water- 
cooled receivers. 

The various steps will be made clear in the following descriptions show¬ 
ing the historical development of the processes. The illustrations and part 
of the text are taken from articles by Wood and Langmuir, published in the 
“Transactions of the American Institute of Chemical Engineers,” Vol. 2, 
1909. 

It is not improbable that the first form of apparatus used for distilling 
glycerine was on the principle of that shown in Fig. 359, which is a direct- 



flame-heated still connected by piping to a condenser. The manufacturing 
cost of distilling glycerine with this simple apparatus would be too great 
to permit of its use at the present time. This cost would be due to waste 
of glycerine by decomposition. The glycerine would vaporize at the 
temperature of the boiling point of glycerine in air. The fuel used per 
pound of glycerine distilled would be much less than is used in modem 
practice. It is very much more economical to vaporize the glycerine at a 
lower temperature and to use more fuel, but decompose less glycerine. 

Steam Distillation. One of the earliest types of apparatus used to lower 
the distilling temperature of glycerine is that shown in Fig. 360. The jet of 
steam issuing from the nozzle in the body of glycerine near the bottom of 
the still causes the glycerine to vaporize below the boiling temperature, 
but, after the combined steam and glycerine vapors pass through the air¬ 
cooled condensers where most of the glycerine will be condensed, it is 
impossible to prevent some glycerine from passing out into the air along 
with the steeun. Glycerine will not all condense out of steam after the two 




GLYCERINE 


1025 


vapors have once mingled together, so that tlio onlv^ way to recover all the 
glycerine that has left the still as vapor is to provide means to condense 
both steam ami glycerine, and afterwards evaporate the water out of the 
glycerine. Fig. 361 shows this next step in advance, which is a cold-water 
condenser added in series with the air-cooled condensers, and an evaporator 



to evaporate tlie water that is condensed along with the glycerine in the 
cold-water condenser. 

When glycerine di.stillation was in this stage of development, a super¬ 
heater, {Ls shown in Fig. 361, w.'is added for superheating the steam flow 
before entering the still. It is remarkable that up to and including this 



economy in manufacturing, the fuel used per pound of glycerine distilled 
became greater at each step. 

Vacuum Distillation. There was still further room for improvement 
in preventing decomposition by reducing the vaporizing temperature. 
The vacuum pump shown in Fig. 362 was the means of reducing this 
temperature. Also, considerable steam was saved by evaporating the 
‘‘sweet-water^' in evaporators arranged as double effects, which will be 
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also seen in this figure. There arc some glycerine distilling plants of the 
type shown in Fig. 362 operating to-day. 



Fio. 362. 


Jobbins and Van Ruymbeke Process. In the Jobbins and Van Ruym- 



Fiq. 363. 


beke apparatus, shown in Fig. 362, the principal and almost the whole 



Fig. 364. 


difference between it and the earlier type shown in Fig. 363 is in abolishing 
the direct-fire heat under the still and substituting therefor steam-heated 
coils, both for superheating the flow of steam and for heating the body of 
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glyccrinp to ho vaporized. Fuel can he 5«ivod by heating the glycerine by 
this method, as the bottom of the still will not compare in value with the 
heating surfaces of a steam boiler in absorbing heat from a fire—more heat 
will piuss up the chimney from the furnace of the still than from the furnace 
of the boiler. 

Heckmann System. In the Heckrnann apparatus, shown in Fig. 364, 
the next advance was made in the saving of fuel, as in thi.s apparatus there 
is possibly !>ut little “sweet-water” to bo evaporated. There are no air¬ 
cooled condensers in this type. The glycerine condenser is made up of a 
vertical scries of annular pans fitting tightly in a cylindrical shell. Over 
the hole in the center of the pan, but sufficiently out of contact to freely 
permit a pa.ssagc for the flow of vapor, are inverted dLsh-like covers—the 
edge of the covers being below the level of the edges of the pans. 
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The level of the liquid in the pans is maintained just above the edges 
of the covers by means of overflow pipes adapted to permit a flow of liquid 
from the higher to the lower pans whenever the liquid reaches the overflow 
level. Above the glycerine condenser is a small sweet-water condenser 
adapted to condense a small portion of the vapor that piusses through tlie 
glycerine condenser. The whole arrangement is such that the steam and 
glycerine vapors coming from the still must bubble up though the liquid 
contained in the pans, which is a mixture of water and glycerine; the water 
evaporates and the glycerine condenses. 

The small sweet-water condenser at the top supplies the water to the 
pans, which in quantity should not be very far from the quantity of glycer¬ 
ine condensed in the condenser. The vapor which is not condensed in the 
sweet-water condenser is finally condensed in an ordinary condenser, and 
according to the claims of the inventor contains so little glycerine that it 
can be run to the sewer. 

Garrigue System. In the Garrigue system, Fig. 365, an economical 
superheating of the steam, as well as the condensation of some of the 
glycerine, are both obtained in the same piece of apparatus. The heat sup- 
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ply of this superheater is furnished by the hot vapor coming from the still 
whicli flows around tlie tubes of the superheater, while through the tubes 
passes tlie steam supply of the still. This stoam supply is the vapor 
arising from the “sweet-water” as it evaporates in the evaporator. 
This is one of the features conducive to the fuel economy of this system. 

\^'hat glycerine is not condensed in the superheater is mostly con¬ 
densed in a surface condenser, through the tubes of which circulates 
w'arm water. In all the above-described sj'stems, evaporating—if any 
is done—is accomplished by steam directly from the boiler, or exhaust 
from the engine. 

Wood Process. In the Wood multiple-effect apparatus, Fig. 366, 
economy of fuel is obtained by using but one flow of steam to a number of 
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stills and condensers, the stills being arranged in series in regard to the 
steam flow; that is, the steam from the steam jet of the first still flows 
through a series of stills alternating with condensers, the condensers 
being maintained at a temperature that will condense glycerine out of 
the steam but not the steam itself. The glycerine that is vaporized 
in each one of the series of stills flows along with the steam to the condenser 
next in line, the glycerine being condensed while the steam passes on 
to the next still. 

The rather high condensing temperature in the condensers is main¬ 
tained by using water boiling imder a low pressure as a cooling agent. 
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The steam generated from this boiling water of the glycerino condensers 
is used to evaporate “sweet-water” and also to evaporate the water from 
which tlie steatn flow of the stills is deriv<*(l. Tliis steam flow is generated 
in an evaporator which is fed with distilled water, so that no impurities 
will be carri<*d over to the stills, with the stemn. The heat absorbed in 
the v'aporization of the glycerine is recovered when it is condensed in the 
boiling-water condensers. The heat thus transferred is sufficient to 
supply all the steam neeessar>' for the stills and a large proportion of that 
required by the sweet-water eva[)oratx>rs. There is no difficulty in 
utilizing the exlamst steam from the engines, as there is always considerably 
more “sweet-water” to be evaporated than that which Ls condensed in 
the cold-wat<T coiuhaiser or last condenser of the series. Washings from 
filter-presses, etc., are a source of much sweet-water. 

An arrangement of still.s and condeiLsers in series along a single flow 
of steam necessifat<‘s a fret* flow without obstructions, Pa.ssing the steam 
flow from one still to the other of a series, and mingling it with the 
glycerine by st<*am jets beneath the surface, is out of the ejuestion in this 
system, as too much back pressure would result from overcoming the 
hydrostatic pressure of the body of glycerine in each still. The first 
stills of such a series wouKl be working at a great dis^idvantage, due to 
a low vacuum. The lower the vacuum the higher must be the distilling 
temperature to get a good ouput, but a high distilling temperature is a 
cause of decomposition. In this system, instead of forcing the steam 
down through the body of glycerine, the glycerine is pumped up and 
sprayed down through the steam, and no buck pressure* to the flow of steam 
results. 


The steam economy of this system can be better appreciated by 
rcf<*rring to Fig. 366, and following the course of the heat flow from the 
boiler to the final cold-water conclensers. It will be seen that it leaves 
the boiler through the steam main, is carried along in the steam principally 
as latent heat. A portion is taken to operate the engine and vacuum 
pump, but the larger flow divides and p.'isses to the heaters of the six 
stilLs. The heat is lierc taken up by the glycerine, passes, in the process 
of vaporization, to tlie steam and glycerine va[)or, an<l is carried to the 
glycerine condensers, where it is transferred to the steam arising from 
the boiling water therein. 

The six flows from the boiling-water condensers then come together 
into one. On the way to the evaporators the flow again divides, the 
larger portion going to the distilled-water evaporator and the smaller 
portion joining forces with the flow of heat from the first effect of the 
sweet-water evaporators, which receives the heat of the exhaust of the 
engines, passes to the second effect of the sweet-water evaporators, then 
along with the vapor to the jet condenser. 

Going back to the flow of heat to the distilled-water evaporator, 
the beat flow passes into the pure steam arising from this evaporator, 
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thrn is onrriod apain to the stills; but this time, instead of dividing into 
a flow for oacli still, there is but a single flow passing from one to th(‘ otlier 
through all flie stills and condensers and finally to the cold water of the 
sweet-water condc'nser. 

It will be noted that in this process the glycerine instead of being 
heated by direct fire under the still, or i)y closed steam coils in the still, 
is taken from tlie bottom of the still by a centrifugal pump and forced 
upwaixls through a heater containing a number of small tubes surrounded 
by high-pressure steam. 

'I'he h('afing surface of tlie heater, and therefore the speed of dis¬ 
tillation, can be increased to a point which cannot be reached by closed 



Fia. 367.—Wood Multiple-effect Stills. 

A, Still; B, Stciun inlet; C, Heater; D, Circulating pump. 


coils in a still. The rate of flow of the glycerine through the heater is 
dependent on the speed of the centrifugal pump and may bo adjusted to 
the best conditions. The stoam-pressure maintained in the heater deter¬ 
mines the temperature of the heating surfaces. As the three conditions 
mentioned are variable within wide limits, any desired distilling tem¬ 
perature may be obtained and held within narrow limits. There is no 
difficulty with the tubes of the heater becoming clogged with salt 
or organic deposits, for the current prevents any deposition of solid 
matter. Only enough glycerine need be taken to fill the connections 
and heater. Under the old process a considerable body of glycerine 
must be kept in the still to obtain the full heating effect from the coils, 
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which oxtcnrl nearly the enlire h(‘ijiht. nf the still, an<i to proh)nK the 
contact of glycerine and steam from th<‘ open jets, so as to enable tlu* steam 
to take up its full charge of plycerine vapor. A larpe exc<‘ss of plycerine 
over and above that distilled must therefore be kept in the still and main¬ 
tained at a hiph t<‘mperat\)re for a lonp time. 

In this connection the patent of C'lasson (German p:itent 108.7(»S. 
1907) is interestinp. CMasscm obtains diplyc(‘rol and polyplyc<'rol by heat- 
inp anhydrou.s plycerine with small qiiantites of alkali or alkaline s(>aps. 
Prolonped heatinp <»f crude glycerine containing such impurities in the 
average still must result in loss. 

In the \\’oo<l process the plycerine is hot and anhy<lrous and tliere 
is no irjterruption of the <listil!ation on acccjunt of stops for filling up or 
bh)wing f)ut. A set of six stills in series, using one st(*am supply, is now 
sucwssfullj' in u.sc with no diminution in efficiency ()f tlie last still as 
compared with the first. All the stills in a series are under the siime 
vacuum, which is uniform, as there is no necessity for breaking the vacuum, 
as must be frequently done in the old system wlu*nev(‘r tlu* stills are 
emptied ami charge<l. It is noteworthy that in this sj'.'stem the hot 
glycerine superheat-s the steam. 

Products. Whatever the proccs.s of distillation the distillate will con¬ 
sist of a hea\’y portion, usually almost anhydrous glycerine, coiulensing 
in the hot condensers and a “sweet-water” consisting of the condensed 
steam used in the distillation, together with the volatile impurities and a 
little glycerine. The “sweet-water” Is evaporated to recover the glycerine 
and must he redistilled. 

Dynamite Glycerine. The heax’^' portion of the distillate may be taken 
for dynamite grade after bringing it up to a gravitj' of 1.2G2 at 00® F., 
by heating under a vacuum in an evaporator. Dynamite glyc(‘rine is 
sold on a ba.sis of specific gravity and freedom from impurities, e.specially 
salt. The gravity is ascertained by the pyknometer, and must be at least 
1.202 at 60® F., referred to water at the same toinperaturo. C.'hlorinc 
must not exceed O.Ol per cent. Ash imi.st not exceed 0.10 per cent. 

Chemically Pure Glycerine. With good grades of crude and careful 
handling selected portions of the distillate arc sometimes taken for the 
chemically pure grade. 

As a rule, however, chemically pure glycerine is prepared by a second 
distillation with steam in vacuo and the final product is treated wtih 
decolorizing carbon and filter-pressed to remove the slight color and clarify 
the glycerine. Chemically pure glycerine as required by the United 
States Phannacopoeia need only be of 95 per cent strength, which cor¬ 
responds to a specific gravity at 60® F. of 1.252. It is commonly prepared 
by the addition of the necessary amount of distilled water to the glycerine 
obtained in the hot condensers. The strength may be found more accu¬ 
rately by specific graWty than by analysis, provided a correct table Is 
used. Of tho.se puVjlishcd the Bosart and Snoddy, J. Ind. Eng. Chem. 
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1927, 506, is the most accurate. Standards of purity are deBned in the 
U. S. Pharmacopoeia, 10th Revision, 1925. 

Foots. The residue of organic matter and salts which accumulates in 
the still toward the end of the distillation is called foots. In some plants 
the distillation with steam is continued until portions of the condensed 
distillate show the specific gravity of water, when it is assumed that all 
of the glycerine has been extracted and the residue is boiled up with 
water and blown out to the sewer. In other cases the crude glycerine is 
distilled down until the foots carry 40 to 50 per cent of glycerine and are 
still fluid when hot. The residue is blown out of the still, thinned down 
with “sweet-water,” press-washings, etc., and treated with aluminum 
.sulphate or persulphate of iron to precipitate organic matter and filter- 
pressed. The filtrate is concentrated and the resulting crude either distilled 
for itself or mixed with fresh crude. 

Another method of foots treatment is acidification wth sulphuric acid 
after dillution with “sweet-water.” A scum of black, tarry matter is 
skimmed off and the liquid filtered through bags. The acid filtrate is 
concentrated in a cast-iron evaporator and a considerable part of the free 
fatty acids present are eliminated with the steam. 

Yield. There are but few published statements as to glycerine loss in 
refining. The factory should be charged with the amount of anhydrous 
glycerine as found by analysis in the weighed crude delivered to the 
works. The distilled glycerine produced is multiplied by the percentage 
of glycerine as ascertained by specific gravity tests, usually 99 per cent 
with dynamite glycerine and 95 or over with chemically pure. The 
difference between the receipts and outgo, divided by the amount of crude 
worked, multiplied by 100 is the per cent loss. 

Lewkowitsch states that losses incurred by faulty methods are large, 
and range from as much as 15 to even 40 per cent. In an editorial in the 
Jour. Industrial and Engineering Chem., 1911, 4, the statement is made 
that “good soap-factory practice will recover from 80 to 90 per cent of the 
glycerine in the fats saponified, and of this the still will win 97 per cent 
or more. These are good yields and the percentage in many factories 
will not run so high.” Hinckley gives the loss as 5 per cent and Davis as 
4 per cent. (See literature.) 

Glycerine is shipped in plain or galvanized-iron drums of 55- or 110- 
gallon capacity, corresponding to 550 and 1100 pounds respectively, and 
in 50-pound boxed tin cans. 

Uses. Dynamite glycerine is nitrated to produce nitroglycerine. It is 
also used where its yellow color is no objection as in printer’s rollers, the 
textile trade, etc. The white chemically pure glycerine is used in very 
large amounts to keep tobacco moist, in food products such as shredded 
cocoanut for the same reason, in cosmetics and extensively in patent medi¬ 
cines and U. S. P. preparations. Large quantities of the yellow glycerine 
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go into anti-freeze mixtures for xiutomobile radiators as a non-volatile 
ingredient. 
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Growth of the Industry. The growth of the power laundering industry 
during the sixty years since its beginning in America lias been quite rapid. 
According to the report of the U. S. Census Bureau there were 6013 power 
laundries in existence in 1927, which does not include hotel, factory, or 
institutional plants. This industry does a business of approximately 
$450,000,000 annually. From these figures it will be seen that power 
laundering has a much greater commercial importance than is generally 
supposed. 

Among the numerous factors which have made this rapid development 
possible, the two following may be cited as the most important. First, 
the marked changes which have occurred in the social and economic con¬ 
ditions throughout the country, and second, the great advances made in 
laundry practice as a result of the ingenuity displayed by progressive laun- 
derers and manufacturers of laundry machinery and accessory equipment. 

Most satisfactory results have been obtained in the invention of new 
kinds of labor-saving devices, and it must be conceded that the standard 
of excellence of the mechanical equipment in laundries compares favorably 
with the machinery used in other industries. 

During the past few years rapid advances have also been made towards 
a better understanding of the chemical nature of fabrics and their reaction 
to the detergents commonly employed. “Rule of thumb” methods of 
operation have in most cases been supplanted by scientific practices. 

The really modem power laundry has developed to a point where a 
high grade of laundry service is rendered. Laundering is rapidly becoming 
one of the highly specialized industries. Although the possibilities in this 
field have by no means all been realized, much has been accomplished and 
the future certainly holds much in store. 

The practice of doing laundry work in the homes and by the help of 
washerwomen has become less general, as the quality of the work done 
by the power laundries has improved. It seems inevitable that the change 
shall continue at an increasing rate, for the laxmdries will be enabled to do 
better and cheaper work, as improvements continue to be introduced. 
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The laundering industry' is Tiot to be classed as a purely eluanical 
industn,’, but, like many others which are largely mechanical its successful 
operation depends on tlic proper combination of mechanical and cluMiiical 
processes. Besides those chemical reactions which are esstmtial part-s of 
the work, there are others which occur, urider certain conditions, as ol)jec- 
tionaV)le irregularities. The more extensively the details of both of these 
classes have been taken into con.«ideration and controlled in a given jilaiit, 
the more uniform and satisfactory’ have been the rt'sults obtaimal. For 
these reasons a brief description of the irjetho<ls employed in a modern 
power laundry may not be without interest and value to chemists. 

The launderer’s business is the cleaning and subsequent finishing for 
use of textile fabrics, and this is necessarily custom work. For this reason 
the methods employed will be different in different localities, but the 
essential features are quite similar throughout the country. The launder¬ 
ing problem is a complex one on account of the great variety of fabrics to 
be handled, and the large number of dyestuffs now used complicates the 
matU?r still further. On account of the differences in the chemical prop¬ 
erties of the various fibers and dyestuffs, numerous methods of treatment 
are nece.s.sary for the different clas.ses of articles. The textile fibers most 
largely used are cotton, flax, wool, and silk, woven cither separately or in 
different combinations. The list of dyestuffs is an extremely large one. 
For the successful performing of laundry work a knowledge of the chemical 
properties of these different fibers and dyes is casential. 

Another factor which causes differences in the processes employed is 
the nature of the substances to be removed and the extent to which the 
articles arc soiled. It is difficult to chussify these substances but, roughly, 
divisions may be made as follows: albuminous substances, such as blood 
and egg stains; vegetable dyes which cause fniit and wine stains; fats 
and oils, including hydrocarbon greases and oils; acid and alkali 
stains; body excretions and waste epithelial cells; old starch; street dirt 
and soot. 

For convenience of treatment the work of the laundry may be divided 
into several parts. These include generation of power, collection, ILsting, 
marking and «>rting of the articles, washing, starching, drying, dampening 
and ironing, followed by finishing and preparation for distribution. It is 
obvious that many of these operations are not based on chemical principles, 
and these will l>e described only briefly, in order that the connection between 
the various steps may Ixj apparent. 

Marking. The bundles are collected and brought to the marking room. 
At this point the fabrics must be classified, prior to washing, with a knowl¬ 
edge of the difference in treatment that is subsequently given to cotton, 
silk, woolen, and colored fabrics, respectively. 

In many laundries the “bulk” system of washing is followed, which 
entails the marking of every piece of fabric. The marking is done with a 
motor-driven machine resembling a typewriter (see Fig. 368), while the 
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tabulat ing of the pieces may be done with a tabulator somewhat resembling 
an adding machine. 

Instead of the “bulk” system of washing, the “unit” system is grow¬ 
ing in popularity. With this system, the individual pieces are not marked, 
but the “bundle” is placed in and washed in a net. The net is closed with 
a pin which has a number to identify the bundle. After the bundles are 
all properly classified they arc sorted into lots and are then ready for the 
wash-room. 

Water Supply. Since water is used throughout the washing process, 
and is easily the most important agent of all, it may be well at the start 

to state the conditions which must be 
realized in a water supply, if good results 
are to be obtained. Hard water should 
never be used in the washer. If it is used 
in making the soap solution, or in the 
rinses, insoluble soaps of calcium and mag¬ 
nesium, which are difficult to remove, are 
precipitated on the fibers. If not removed, 
they make the fabrics harsh, and when 
heated in the dry room, or in the ironing 
machines, they decompose with the forma¬ 
tion of yellow or brown substances. Ex¬ 
periments made by the writer have shown 
that larger quantities of soap and alkali 
are removed by soft water than by hard, 
and the color of the finished product is 
uniformly better in the former case. This 
is contrary to the belief general among 
some launderers, since when soft water is 
used, the rinse water continues to form 
courtp.-«y National MnrkinR MoehinoCo. suds evcn after Several changes. This is 
Fio. 3i>8. Marking Machine. not due, however, to a removal of less 

soap in this case, but rather to the fact 
that by the use of hard water the soap is changed into the above-mentioned 
calcium and magnesium compounds, which do not foam on account of their 
slight solubility. 

The softening must be carefully done, so that the water is left as nearly 
neutral as possible, otherwise a larger quantity of alkali must be neutral¬ 
ized when the acid is added for the sour bath, which occasions an unneces¬ 
sary expense. On account of the large quantities of water used, and since 
very few water supplies are suitable without treatment, a water-softening 
plant of some kind should be installed in every laundry. 

The zeolite softener (Fig. 369), more fully described in Chapter II, is 
the most popular and under most conditions the most satisfactory for 
laundry purposes. A water of zero degree hardness is easily obtained by 
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this method of softeninp, while all other systems fail to soften water, on 
the average, to less than about 5 grains of hardness per U. S. gallon. 

I'o do the best po.ssiblc grade of washing a water of not over 3 grains 
hardness per U. S. gallon should be had. Of course “zero” water is the 
ideal water for wash-room purposes atul it is preferred to hard water for 
boiler-room use. Water softened by this process is frequently more cor¬ 
rosive than hard water to the water heater and hot-water lines. Wlienover 
hard water Ls heated there is always precipitatetl a deposit of carbonates 
over the inner surface of the heater and pipes that protects the metal sur¬ 
face from the corrosive action of dis.solved oxygen in the water. The cor¬ 
rosive action of oxygon may be eliminated by the use of an open heater 
from which most of the dissolved 
oxygen w’ill escape when the water is 
heated to approximately 200® F. 

The zeolites are naturally occurring 
minerals, similar to feldspars in com¬ 
pos i t i o n , excepting that they are 
hydrated. The chemical compo¬ 
sition of a typical one, “stilbite,” is 
H2(Na2Ca)Ai2CSiO;08.4H:iO. 

The zeolite water softener consists 
merely of a steel tank filled with 
zeolite, which may be of about the con- 
si.stency of coarse sand or fine gravel. 

During the course of water-softening 
the water Ls run through the zeolite 
at a fixed rate of flow. Whatever 
calcium and magnesium may be in 
solution in the water as salts will re¬ 
place the sodium in the zeolite, so that if a chloride criU'rs the softener as 
a magnesium salt it leaves the softener as the sodium salt. After the 
sodium in the zeolite has all l>cen replaced by calcium and magnesium from 
the water, the softener Ls regenerated with a solution of sodium chloride. 
During the regeneration of the zeolite calcium and magnesium are replaced 
by sodium from the salt. After the calcium and magnesium are rinsed 
from the softener as chlorides the zeolite is again ready for softening 
water. The zeolite process of water-softening Ls an excellent illustration 
of a reversible action. A number of such softeners have been in service 
for ten years, during which time the reaction has been reversed prac¬ 
tically every day. 

Washing Machine. The washing process is a combination of mechan¬ 
ical and chemical action. It is the most important phase of the laundering 
operation and, from a theoretical viewpoint, is the least understood. 
From the practical viewpoint the process of washing is simple enough, 
although it is absolutely essential to pay strict attention to details if a 
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Kofxl quality of washing is to be assured without undue injury to the 
fal)rics. 

The niacliinc (Fig. 370) in which the washing is done consists of two 
concentric cyliiuicrs (wood, brass, or preferably monel metal) with £i space 
of jibout jin inch between them. The outer cylinder is stationary and is 
connected to the wjiter jiiid st<'am pipes and also to the drain pij)c. The 
inner cylinder, into which the clothes arc placed through a door, is per- 
fonited with many holes wliich allow the liquids introduced partly to fill 
both cylinders. For the purjjose of forcing the solution through the fabrico 
the inner cylinder is revolved, and an automatic reversing device operates 
at regular short intervals. All of the solutions with which the articles are 
treated are introduced into the washer in succession. The clothes are not 
n inoved until they arc finished and ready for the centrifugal extractors. 



Courtesy AiuericuD Laundry Machinery Co. 


Fio. 370.—Washing Machine. 


Detergents. The detergents used are water, soap, carbonate and 
bicarbonate of sodium and potassium, sodium hydroxide, borax and mix¬ 
tures of carbonates and bicarbonates, sold under trade names as washing 
sodas. Sodas are used in connection with soap for the reasons that: they 
will neutralize any acid substances that may be on the fibers as dirt; they 
lower the surface tension of soap solution.^ In choosing a soda, not only 
should its action as a cleansing agent be considered, but the possibility of 
its attacking the fabrics should not be lost sight of. Soaps are unquestion¬ 
ably the best detergents, and the practice of adding too large quantities 
of alkali to them is not a good one, although the addition of a small amount 
of soda enhances the detergent power of the soap, apparently in proportion 

* Surface Tension of Alkaline Soap Solutions, E. B. Millard, Industrial and Engi¬ 
neering Chemistry, Vol. 16, No. 8, p. 810. 
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to tho value of the hydro?0’l concent rat ion of the soda. It lias boon 

found in commercial practice tliat a mixture of two parts by woijiht of 
neutral soap and one part of soda ash. constitutes aliout the proper bal¬ 
ance of soap and soda for washinn cotton and linen fabrics witli .soft water; 
with hard water, tlio proportion of soda must be increase<I. I'or wasliin^ 
woolens and silks only neutral soap should be used. Alkalies react readily 
with wool and silk, but do not attack cellulose appreciably unless the solu¬ 
tions are concentrated.* The chief objection to tlieir use with cellulo.'te is 
the production of a slightly yellow color, even if the solutions be relatively 
weak. Caustic soda, once commonly used, is no longer popular. It may 
1x5 used successfully in so far as its action upon fabrics in the washwheel 
Ls concerned, although, of course, a very’' dilute solution wouhl be impera¬ 
tive. The chief objection to cau.stic alkalies is the constant po.'^sibility of 
their coming, accidentally, and in a concentrated .solution, in contact with 
the fabrics. 

Laundry Soaps. The best soaps for general use are those made from 
good grades of red oil—crude oleic acid. They are much more soluble 
than tallow soaps, and the oleates have, in ad<lition, more pronounced 
detergent action than the palrnitates and stearates. This greater solu¬ 
bility is an advantage since it permits more efficient removal of the soap 
by rinsing. Resin soaps arc inferior as cleansers, and furthennore they 
produce a yellow' cast in the fabrics when used repeatedly.^ 

Theory of Washing. For many years the detergent action of soap 
has been a subject of much interest to chemists, and con.scquontly a largo 
number of theories have been advanced for its explanation. It is interesting 
to note that all of these theories, except one,'* .start- from the siimc premi.-^e 
as regards the condition of the substances to be removed, the dirt. Acconl- 
ing to this as.sumption, all dirt adheres to fa!)rics because of a film of fatty 
substances, and only when the latter is removed is it pos.sible for the dirt 
particles to be loosened and carried away by the suds. The point of dif¬ 
ference between all of these theories, with the one exception, is simply the 
manner in which this film is thought to be destroyed. Althougli tliis cause 
for the adhering of dirt particles is undoubtedly operative in many cases, 
it seems very likely that the conclusion that it is exclusively true is unwar¬ 
ranted—it at least lacks experimental proof. Whatever may be thought 
of Spring’s theory, it must be admitted that his experiments show that 
soap possesses marked detergent properties under conditions where a fatty 
film is certainly absent. No one of these theories seems to account for all of 
the known facts, and the problem still lacks an entirely siitisfactor>'solution. 

* An Investigation into the Chemistry of Laundering, W. F. Furnghor, Journal of 
Industrial Engineering Chemistry, August, 1914. 

* H. L. Jackson, Cantor Lectures, 1907; also Dafert ond Woin)aucr, Ocster. Chom. 
Ztg., 1908, No. 12, abstracted in Chem. AbstracU, 1909, p. 1224. 

* W. Spring, Zs. fttr Chom. und Ind. der KoUoide, IV. 101 (1909), also Rec. Traw. 
Chim. des Pays-Bas, XXVIII (2 eerie. XIII) p. 120. 



1040 


INDUSTRIAL CHEMISTRY 


The earliest, theory is that of Cheweul, which w'as published in the 
report of his researches on animal fats (1811-23).* These investigations 
showed that soap is decomposed into free alkali and acid salts of the fatty 
acids when it is dissolved in large quantities of water. The alkali thus 
formed is assumed to be most responsible for the detergent properties, 
which are accounted for as follows: by a simple saponification of the fats 
by this alkali tlie dirt particles arc thought to be left free and carried away 
and prevented from settling in the fabrics by the acid salts of the fatty 
acids, which constitute the suds. This e.xplanation is an ingenious one, 
and has for many years been most favorably received. However, there 
seem to be objections to it which arc insunnountablc. 

It is true that soaps do undergo hydrolysis, but with soap solutions of 
the strength ordinarily used, only about 0.25 per cent of soap solution— 
the quantity of alkali produced by the reaction is necessarily small, since 
measurements of the per cent of liydrolysis give small values.- Since 
saponification at best is one of the slower chemical processes, it is incon¬ 
ceivable that this weak alkaline solution could exert an appreciable action 
on the fats in the short time necessary for washing. Besides, solutions of 
the alkalies of the same, or even greater strength, arc inferior as cleansers. 

A theory which seems to bo supported by a larger number of facts 
assumes that the detergent properties must be ascribed to the emulsifica¬ 
tion of the fats which arc the cause of adherent dirt.^ The properties which 
seem to be most closely connected with the detergent action are a high 
surface viscosity and a low surface tension, both of which arc possessed by 
soap solutions to a marked degree. 

Besides the breaking up of the fatty film the power of wetting oily sur¬ 
faces and of lubricating dirt particles and fibers must be considered impor¬ 
tant factors in the cleansing process. Hillycr has shown by a number of 
experiments that these properties also arc due to the undecomposed portion 
of the soap and not to the alkali formed by hydrolysis. A method of 
grading commercial soaps which is based on this theory has been devised 
by Hillyer. The surface tension of solutions of the different soaps against 
a standard hydrocarbon oil is measured by the drop method. The values 
obtained classify the soaps in the order of their usefulness as detergents, 
since solutions having low surface tensions are shown experimentally to 
be superior detergents. 

As an amphfication of the above theory another has been advanced 
which includes the influence of pedesis, or the so-called Brownian move¬ 
ment, in affecting the size of the dirt particles.-* Experiments are cited 
which are interpreted as proving that the bombardment of attached dirt 

* Chevreul, “Recherches chimiques sur Ics corps gras d’origine animole.” 

» H. L. Jackson, Cantor Lectures, 1907. 

•Hillyer, J. Am. Chem. Soc., XXV, 611-32; also 1256-65; also Donnam, Ibid., 
XXV, 1216 and Z. physik. Chem., 31, 42. 

* J. L. Jackson, Citu., p. 644, note 2. 
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by the microscopic particles in suspension which show the Brownian move¬ 
ment causes a disintegration of the dirt into portions small enough them¬ 
selves to exhibit pedesis. S. Jevons* had puhlishetl a theory which Is 

quite similar to the above, but which <lid not ascribe as large a part to the 
emulsification of tlie fats. 

The peculiarity about Spring’s theorj*^ is that he proposes a new reason 
for the adherence of dirt particles to fibers, namely, the formation as a 
dirt^fiber ad.sorption compound. The explanation of the cleansing action 
of soap solutions is given by the formation of more stable soap-dirt adsorp¬ 
tion compounds, which are carried away by the mechanical action exerted 
during the washing process. This rernov’es the problem to the field of 
colloid chemistr>', a branch of the science which Ls just now experiencing 
a wonderful growth. Although many facts are enumerated in support of 
this theorj', it would seem that it has not a.ssumed its final form as yet. 

Classes of Fabrics. The nature of the treatment is conditioned by 
the kin<l of fabrics being washed, and a number of classes might be made as 
follows: white collars and shirts, either linen or cotton; colored cotton 
clothes, usually sorted as to colors; woolen goods; white fabrics other than 
shirts and collars; and silks. It is evident that all of the.se groups could 
not be submitted to the same treatment; as, for example, all could not be 
bleached by sodium hypochlorite, as are tl)e white cotton and linen goods. 
In order to simplify the present description, only the process employed in 
the ca.se of white linen and cotton fabrics will be outlined and some of its 
chemical points will be dLscussed. The main differences between this and 
the other proces.ses will then be mentioned briefly. 

A representative outline of the treatment given white cotton shirts 
and collars is us follows: 

WHITE SHIHTS, COLLAR-S, CUFFS AND POSSIBLY SOME OTHER 

WHITE GARMENTS 

(Only cotton fabrics included.) 

100 to 125 lb. load in 36 X 54 in. wheel. 

Ist Bath—Warm water (95^ to 100® F.); 5 ins. of water in cylinder after 

goods arc sfiturated. Add a mixture of 88 per cent neutral 
soap and soda a.sh (2 : 1) to good suds. Kun 10 minutes. 

2nd Bath—Hot water (140® to IGO® F.); 140® F. in the wheel is hot 

enough; 5 ins. of water. Add soap and soda as in Ist bath. 
10 minutes. 

3rd Bath—Same as 2nd bath, but add 2 qts. of .lavollc water (1 per cent 

available chlorine) after the soap and soda have been added. 
Run 10 minutes. 


• W. S. Jevons, Chem. Newa, 21, GO. 

* W. Spring, Citu., p. 644, note 2. 
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4th Bath—Hot rinso (140® to 160® F.); 10 ins. of water. Run 2 minutes. 

5th Bath—Hot rinse (140® to 160® F.); 10 ins. of water. Run 3 minutes. 

6th Bath—Hot rinse (140® to 160® F.); 10 ins. of water. Run 5 minutes. 

7th Bath—Hot rinse (140® to 160® F.); 10 ins. of water. Run 5 minutes. 

8th Bat!i—Hot rinse (140® F.); 6 ins. of water. Add 4 oz. oxalic acid 

dissolved in 6 qts. of hot water. Blue. Run 7 minutes. 

9th Bath—Cold rinse; 8 ins. of water. Add \ pt. of 56 per cent acetic 

acid. Run 2 minutes. 

10th Bath—Same as 9th. 

Total running time 66 minutes 

In the washing formula shown above, the first bath is run at a tempera¬ 
ture of not over 100® F. The temperature is kept low in this bath in order 
to remove albuminous substances which will coagulate on the fabrics if 
hot water were used in the first bath. After albuminous substances have 
once become coagulated and set on the fabric they are removed with great 
difficulty. The 2nd bath is usually run at a temperature considerably 
above that of the 1st bath. When the fabrics are easily washed, the tem¬ 
perature of the 2nd, 3rd, and 4th baths may be kept at about 140® F., but 
when the fabrics are very dirty, the kind that are worn by men who work 
in the steel industries or in the railroad yards, it is necessary to bring the 
temperature of the 3rd and 4th baths up to at least 180® F. in order to do 
a good job of washing. 

The object of the suds bath in which is applied a mixture of 2 parts by 
weight of neutral soap and 1 part soda ash is to loosen the dirt from the 
fabrics so that it may be rinsed from them in the subsequent rinses. No 
process of washing is complete without thoroughly rinsing the clothes 
before they arc taken from the wash-wheel. It has been shown by Faraghcr 
and others that the action of soap and soda in the washing process is not 
injurious to cotton or linen fabrics. 

The most harmful part of the washing process, as it is ordinarily con¬ 
ducted, is unquestionably the bleaching. This has been shown in a number 
of ways.* Independent scries of collars were treated each by a separate 
one of the operations—e.g., soap, alkali, soap and bleach, acid, etc., and 
then starched and ironed. About 50 grains of available chlorine were 
applied to approximately 75 lbs. of collars. The collars of the bleach series 
broke much sooner than the others—seven to nine treatments being an 
average for the bleached collars, and twenty-five for a series washed in hot 
water without bleach and employed as a check. A determination of the 
breaking strength of cotton threads has shown the same thing.^ Threads 
which broke originally at 1725 gms. had their breaking strength decreased 
to 100 gms. when treated twenty times, using the ratio of available chlorine 
mentioned above in the case of the collars. 

An Investigation Into the Chemistry of Laundering, W. E. Faragher. Journal 
of Industrial and Engineering Chemistry, August, 1914. 
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Acid Rinse. Tho purpose of tijo aci<l solution is t-o noutnilizo all alkalies 
that are not rinsed from the goods. The hlucs which are used to counteract 
yellowness in the clothes are basic aniline ilycs, and are decotnpo.seil by 
ilkalies. Sufficient acid Ls added to neutralize the alkalie.s anil to leave a 
slight excess—usually less than N, 50 with respect to the acid. The acids 
used are acetic, sodium silicofluorides, sodium acid fluoride, and oxalic acitl. 
The first three have an advantage of being very weak aciils and conse¬ 
quently do not attack cellulose * oven when th<‘ir solutions are concentrated. 

Sodium acid fluoride and oxalic acid are effective for the retijoval of rust 
spots; oxalic acid is superior to the acid fluoride for this purpose; oxalic acid 
and mineral acids are quire injurious to cellulose. The action between 
acid and cellulose is not marked so long as the acid remains dilute, as is the 
case while the fabrics arc in tlie machine. However, any acid which is not 
rinsed out becomes concentrated when the articles are placed in the drj-ing 
room, or pas.sed over the heated rolls of an ironing machine. Since the 
acid is not used up during the reaction, a small quantity of this dilute solu¬ 
tion is able, .after concentration, to hydrolyze considerable cellulose in a 
relatively short time. 

Tests were run on scries of cotton threads as follows: the threads were 
ilipped into N/50 solutions of sulphuric, hydrochloric, acetic, and oxalic 
acids. They were then run in an extractor without having been rin.sed, 
and dried for twenty minutes at 100® C. This operation w:u} repcateil ten 
times, rinsing with distilled water between treatments in order to remove 
the acid left. The following results were obtained: 


Original breaking strength. 1725 

Acetic acid series. 1.520 

Oxalic acid scries. 20.5 

Hydrochloric acid series. 20 

Sulphuric acid scries. 20 


Boiling a scries of threads in N/.50 oxalic-acid solution for three hours 
caused a decrease to 12.50, It will be seen that if oxalic acid be used and 
no rinse follows the blue solution, this operation is one of the most harmful. 
A scries of collars treated in this acid solution with no subsequent rin.se 
were starched and ironed, with the re.sult that after eight to ten times all 
of them had broken. 

Very frequently all of the alkali is not neutralized, and when this is the 
case the blue does not set evenly. Besides, the alkali causes a conversion 
of starch to dextrins and glucose when heated in the ironing machine. 
These substances decompose at the high temperature into yellow products, 
a fact which often explains the production of poor work under these con¬ 
ditions.* From the washer the articles are placed in large centrifugal 

* Manual of Standard Practice for the Power Laundry Washroom. Laundryowners 
National Association, Joliet, Ill. 

* Skinner, J. Am. Chem. Soc. 27, 166 (1605). 
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inachinos (Fig. 20, Chapt^'r I), wliich are driven at a speed of 1700 to 2000 
revolutions per minute. This removes most of the water in about fifteen 
to twenty minutes, so that the fabrics arc in a suitable condition to be 
starched at once. 

Starching. Starching is done in machines wliich rub the solution into 
the fabric. The starches most extensively used arc the so-called thin 
boiling wheat and com starches. They have been partially converted by 
acids, according to the processes given in Chapter XXXVIII, until they 
form a relatively thin solution upon being boiled with water. The solution 



Courtesy CcorRc 11. Hishop Co, 


Fia. 371.—Collar-stAfching Machine and Collar Dryroom* 


is used hot, from 65° to 70° C., since at this temperature a solution of the 
strength which gives the right weight and pliability to the finished fabric 
penetrates most readily (approx. 100 gms. starch per liter). 

After being removed from the starcher, collars are taken to a table 
where the excess of starch is wiped off, first by rubbing with the hand and 
then with a piece of cheesecloth. Care is taken to get the starch worked 
into the fabric so that the plies will be held together after ironing. 

Since the starcher leaves too much water in the pieces to allow of their 
being ironed at once, it is necessary to dry them. This drying is done in 
specially constructed drying rooms (Fig. 371) which are heated by steam 
pipes. The dry rooms are provided with an endless traveling belt, to 
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which the fabrics are fastened. The speed of this conveyor is rep^ilated 
so that the articles remain in tlie dry room about lialf an hour. Upon 
emerging from the dr>' room, eacli piece is automatically released and falls 


into a basket. 

\ cntilation is provided by a systcun of fans, for the air must be changed 
frequently in or<ler to remove the large quantities of water quickly. It 
is not practicable to carrj’ the dr>-ing to the extent just .suitable for the 
ironing, so the moisture is removed as completely as possible. It is then 
necessary to dampen again anti this is done by a machine which carries 
the articles to be dampened between moist patlded rolls. 

Ironing. 'I'he ironing machines (Fig. 372) consist of: a revolving 
cylinder or drum which is heated by steam at about 100 Ib.s. j>ressure; a 



CourCtny AfiiiTican Laundry Macbiocry Co, 

Fig, 372.—Collar Ironcr. 


numl>er of unheated padded rolls by which pressure is applied to tlic pieces 
in the process of ironing. 

The smooth ironed surface on the finished piece is obtained by the 
friction of the fabric upon the smooth, heated cylinder. 

Since collars are ironed flat, many of the collars must be turned and 
shaped. To prevent undue strain during the turning, the scam i.s damp¬ 
ened by machines, various types of which arc available. The shaping is 
also done by machines, in which the moisture introduced when the scam is 
dampened is removed, and in some cases the edge of the collar is ironed. 

Colored Fabrics and Pieces which Require no Starch. Colored articles 
should be washed with neutral soups and excepting fabrics dyed with 
ccrtiiin vat colors. They may not be bleached. It is common experience 
that colored articles which are sent to the laundry last much longer than 
white ones. 
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I'or whilo cotton and linen articles that need not be starched, the usual 
practice is to take them directly from tlu* extractors to an ironing machine, 
called a (Fig. -ITlt) flat-work ironer. These machines luive a number of 



Courtcay Amcricao Lauiidry MacUiuery Co. 

Fio. 373.—riutwork Iroiier. 


steam-heated chests with smooth ironing surfaces. The fiat pieces pass 
through the machine between the chests ainl the padded rolls. They are 

constructed large enough to 



Courtesy American Laundry Machinery Co. 

Fia. 374.—Garment Press. 


iron sheets and tablecloths 
on a single passage between 
the rolls. 

Wool and Silk. Woolen 
and silk articles must not 
be treated with alkalies on 
account of the destructive 
action these exert. The 
chlorine bleach is also dis¬ 
pensed with, since hypo¬ 
chlorites render wool and 
silk harsh and weaken the 
fibers very markedly. In 
case a bleach is necessary, 
hydrogen peroxide, sodium 
perborate, or sodium hydro¬ 
sulphite may be used. All 
of these substances are ob¬ 
tainable now at a price 
which permits their use for 


bleaching wool and silk. 

Ironing Presses. Motor-driven presses (Fig. 374) have recently 
become very popular for laundry use. These machines do away with the 
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laborious foot work that was roquirod with the use of the older tyix' of 
press. This type of machine is used for ironing wearing apparel such as 
tlre.sses and underwear. 

Sanitation. It is an interesting fact that during the jirevalence of 
epideinic.s, laundry workers very sehlom suffer fronj contagion that might 
rea.sonably be expected. The wa.shing process h.as been shown l)y numer¬ 
ous investigators * to have a thorough bacterici<lal action upon pathogens. 

The lieat of tlie washing bath, 180® F. or more, for fifteen minutes, is 
sufficient to kill tl»e hartlie.st of bacteria. Then. too. .soap solutions, even 
at a temperature as low as 104° F. to 120° F., have a real value for killing 
baet<‘ria. 

Hleach liquor of the strength usually enqdoyed in tlu* pow(‘r-laundr>' 
proc<*.ss is an excellent st-erilizing agent. 

Moreover, the heat of the flat-work ironer, the garment pre.ss, shirt and 
collar ironers, the hot-air tumbler, and the drying forms for .socks and stock¬ 
ings is sufficient to kill any disease-producing germs (“ pathogen.s 
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CHAPTER XXXVI 


ESSENTIAL OILS, PEREUMES, FLAVORING MATERIALS, AND 

SYNTHETICS 

Revision of Material formerly Cos'tribdted by ALOIS von ISAKOVICS 

One of the most wonderful of natural phenomena is the exotic fra¬ 
grance exhaled by fresh flowers. This fragrance is due in some cases to 
traces of essential oils in the petals of flowers as the rose and lavender; or 
to glucosides which, under favorable conditions, are decomposed by 
enzymes or ferments, as for example in the jasmin. Not only do the essen¬ 
tial oils and glucosides occur in the flower proper but arc often found in 
other parts of the plant. 

Before entering upon a general description of the various essential oils, 
as they will be followed in the text, it might be well to mention the sources 
from which these fragrant substances arc obtained. The fragrance of the 
cassie, carnation, clove, hyacinth, heliotrope, lavender, mimosa, jiisinine, 
jonquil, orange blo.ssom, rose, violet, and ylang ylang is found in the 
flower. The fragrance of peppennint, geranium, patchouli, verbena, and 
cinnamon, is found in the leaves and stems. The barks of canella, cinna¬ 
mon, and cassia yield an essential oil. The oils of camphor, cedar, llnaloc 
and sandal arc found in the wood; while from the roots wc get angelica, 
sas-safras, and vetiver. Ginger, orris, calamus come from the rhizomes; 
while Ixjrgarnot, lemon, lime and orange occur in the fruit. From seeds 
and berries wc get bitter almond, anise, cloves, fennel, juniper, nutmeg, 
vanillin and coumarin. Finally from gums we obtain labdanum, myrrh, 
olibanuin, balsam Peru, storax, and tolu. 

Through the claasic researches of Dr. Eugene Charabot on essential 
oils much light has been thrown upon the causes which control the pro¬ 
duction of fragrance in plants and flowers. He has shown that the esters 
which are common to most essential oils arc formed in the grt?cn part of the 
plant by action of the acids upon the alcohols. This reaction takes place 
in the chlorophyll region by some agent which functions as a dehydrating 
body. With the appearance of the flowers it is probable that the alcohol 
and esters are converted into other oxygenated compounds such as alde¬ 
hydes and ketones, thus producing the necessary energy for fecundation. 
A certain quantity of essential oil is consumed by the inflorescence, so from 
a practical standpoint, the gathering of perfume-producing plants should 
be Just before fertilization. When fertilization is completed the fragrant 
principles redescend into the stem and thus diffuse into the plant. 
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Historical. The histor>' of perfume materials dat<?s back to the dawn 
of civilization on the banks of the Indus, the Tigris and the Nile. Sankrit 
writers in India two thousjind j'ears ago frequently mentioned perfumes. 

As tlie origin of the word perfume shows (Latin pn' —through,/wwmre— 
smoke) the first perfumes were used in the form of incense, forming a part 
of religious worsliip, from the earliest to the present time. It is interesting 
to note tliat some of the oldest perfume materials known are still being 
used. For instance, in ancient India the sacred fires in the temples were 
perfumed with kusa or kus, the fragrant root of cus-cus or vetiver, a native 
grass. Tliis odor is a constituent of many of the present popular perfumes, 
as in the type of azurea bouquet and tlie many variations of Oriental bou¬ 
quet perfumes so successfully marketed under many different names. 
Confucius, the Chinese philosopher, mentions the use of perfumes in China 
in liis works, written about -ISO b.c. Incense is the most popular form of 
Chinese perfume to the present time, as shown by the so-called joss sticks 
or incense sticks, which are imported into this country in large quantities. 
That perfumes were well known in Babylon and Nineveh is shown by per¬ 
fume flasks which were excavated by Layard at Nimnid below Nineveh, 
curious ornamented containers of porcelain and glass, with cuneiform 
inscrijitions. In lCg>'pt, perfumes were lavishly used in the form of incense, 
as fragrant ointments and oils, in daily life as necessary toilet accessories, 
as part of the religious ceremonies and in the preservation of dead bodies, 
which was therefore called embalming. In early Greek and Roman writ¬ 
ings, as well as in the Bible, we find frequent references to perfumery and 
incense. All these ancient perfumery materials consisted of crude drugs, 
flowers, herbs, aromatic gums, resins and woods of the Orient, including 
many of the fragrant flowers which are utilized in modem perfumery. 
The earliest method of extracting the odorous constituents from the crude 
material consisted of maceration in oil. The ancients knew that fats have 
the power to take up and hold the perfume of substances with which the 
fat is brought into contact. This old process is still followed in southern 
France, where flowers are macerated in oil to produce the so-called “flower 
pomades.” The Greek writers Appolonius and Theophrastus mention 
many of the flowers and materials found in commercial.application up to 
the prcvscnt time, among them iris or orris, lily, rose, violet and labdanum, 
an Oriental gum, the active principles of which have lately come so prom¬ 
inently into use as a fixative in the manufacture of fine modern perfumes. 
Inasmuch as all the materials first used—that is, resins, barks, woods, 
herbs, flowers, etc.j contain the fragrant principles in only very minute 
proportions, great bulk had to be used, and the next step forward was the 
discovery of steam distillation. The forerunner of this method was the 
crude attempt of the ancients, who noted that the steam from a boiling 
caldron had the odor of the contents and who placed wool over a vessel in 
which for instance, cedarwood was boiling in water, and then squeezed 
the wool in order to obtain the condensed volatile oil. 
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While the Eg>’ptians were Siiid to have been acquainted with tlie prin¬ 
ciples of dLstiUation, notliinj>: positive is known. Avicenna, a famous 
Arabian physician and writer of the tenth century, is said to Imve j)er- 
fected the proccs.s, and the Arabian wort! alembic (njeaniriK n!- the, cmhic- 
still) is used even at- present. It is likely lie produced the first rose water 
and ro.so oil by steam distillation, a commercial process by which oil of rose 
is now made in Bulgaria, Persia and France. 

In time it was fouixl that the odor of most substances which are u.seftd 
in the perfumery industry' is due to a certain class of bodies tlesign.nted 
under the tenns of esstuitial or volatile oils. Some of th(‘.<e may be obtained 
from the raw materials by steam distillatirm, that is, steam is pas.<ed 
through a mass of the flowers, herbs, seeds, wootls or barks, which fre¬ 
quently must first be finely sulxlivided or ground and on cooling the steam, 
the oil, which Ls volatile with it, separates frotn the condensed water. In 
a few cases, as with rose and orange flowers, the con<lensed water is like¬ 
wise salable, because it contains the more soluble portions of the flower 
odor, or odoriferous decomposition products of .some of its constituent 
Ixidies in solution, although only in infinitesimal quantities. Steam dis¬ 
tillation is commercially used in producing a number of the essential oils, 
for instance, anise, ca.s.sia, clove, geranium, lavender, linaloe, neroly, orris, 
pepi)crmint, ro.se, sandalwood, turpentine, wintergreen, and ylang ylang. 
From the small alembic used in former times to a modem st ill which has a 
capacity of many thousands of gallons, there has been no change in the 
principle. 

Crude Distillation. Many of the essential oils arc distilled by unskilled 
natives in the various countries, and the layer of water is usuallj’ heated 
by direct fire placed under the still. It is now well known that this both 
dccrea-see the yield and produces an oil inferior in quality, as it subjects 
the material to the saponifying or hydrolyzing influence of hot water and 
some small particles of the substance being distilled are .sure to adhere to 
the bottom of the still, where they scorch, and contaminate the distillate 
with a burnt odor. 

Modem Distillation. In modem factoric.s steam is generated in a boiler 
and passed into the still at various degrees of pre.ssure. Usually the still 
is also heated either by means of a steam jacket or by a closed steam pipe 
placed inside the still, so as to prevent much condensiition of the steam in 
the still. The degree of fineness of the charging material, the pressure, 
and therefore the temperature of the steam, the speed of its flow and numer¬ 
ous other working points must be adapted in each case to the apparatus 
in use, as well as to the substance that is being distilled and the product 
that may be expected. 

Oil Content. The volatile oil content in plant material differs enor¬ 
mously. For instance, cloves contain from 14 to 20 per cent of oil. As a 
rule, however, most of the plants contain less than 5 per cent and in many 
cases only the merest traces of essential oil. It may be mentioned that 
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it requires from 3500 to 4200 pounds of rose flowers, according to season, 
to obtain one pound of pure rose oil by steam distillation. This, however, 
is not a true indication of the amount of perfume oil actually present in 
the flowers. Sleam distaied oils never contain all of the perfume constituents 
present in the plant. Some of these have such a high boiling-point, that 
they do not pass over with steam, others arc decomposed into other deriva¬ 
tives and others pass into the water. As an illustration we may consider 
Oil of Rose. The distilled oil seldom contains more than 1 per cent of 
plienylethyl alcohol. The oil obtained by extraction contains from 50 to 
60 per cent of this alcohol, which is one of the principal odoriferous con¬ 
stituents of the rose water of commerce. 

Steam Distillation. Hence oils obtained by steam distillation cannot be 
expected to have the exact odor of the flower or material. We must remember 
that the odor and taste of all natural products arc due in almost every case 
to a combination of a number of chemical bodies and it is only when these 
chemical individuals are assembled in the right proportion and combination, 
that the odor of the flower or material will be duplicated. Many of these 
chemical bodies are extremely sensitive to heat, which either destroys 
tliem or changes the odor completely, others are esters which are hydro¬ 
lyzed by the action of steam and heat and many plants contain bodies 
which upon heating act to a greater or less extent on the other constituents. 
Con.scqucntly, steam distillation has its limitations and other processes 
must be utilized to extract the active principles desired. 

Scientific research has also proven that many plants contain bodies 
of very high boiling-point, which influence the odor considerably and which 
arc at best only incompletely volatilized by steam distillation and fre¬ 
quently remain entirely in the residue. Some of the valuable constituents 
do not exist in the plant as such, but are combined as glucosides. As 
instances we may mention the odor of cumarine, so apparent in mown grass 
and entirely different from the odor of the field, and the odor and flavor of 
vanilla beans, which is developed in the fruit on ripening, but to a far 
greater extent when the bean is skillfully cured. 

Expressed Oils. That squeezing the rind of some fruits left a fragrant 
oil on the hands must have been early observed. It is still the method 
which gives the finest oils of the citrus family and is the present commercial 
method of obtaining the oils of lemon, orange and bergamot. As cheap 
labor is available in Sicily, where these oils are made in quantities, and 
the pulp of the fruit is worked up for citric acid, the price remains quite 
low, although the method is slow and tedious. The peel is manipulated, 
crushing the oil cells and the oil is absorbed by a sponge, which is 
then squeezed and the oil filtered for the market. Machines have at 
times been tried to take the place of hand labor, but none of them 
have been found commercially satisfactory, excepting to a limited ex¬ 
tent for the regularly shaped bergamot. The citrus oils will illustrate 
the damaging influence of heat and steam on odors in general, as steam- 
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distilled oils totally differ in odor from the fruit and have but little com¬ 
mercial value. 

Macerating Process. We have already mentioned the process of 
macerating flowers in warm oil or fat, a method by which the modern 
flower pomades are produced in southern France. After the oil or fat has 
absorbed the odor of the flowers, it is strained off and a fresh lot of flowers 
added. This proces.s is repeated a number of times, according to the 
strength of pomade desired. 

Enfieurage Process. It was found, however, that even the slight heat 
nece.ssar>’ in the macerating process is sufficient to destroy some of the 
more sensitive constituents of some flower odors, and the cold enfieurage 
process resulted. Here a layer of fat is placed on a plate of glass, fresh 
flowers arc sprinkled on it, and after the fat has absorbed the odor, they 
are replaced by more flowers and this process Ls repeated until the fat is 
saturated. This process is especially adapted to flowers like the jjismine 
blossom, which is knowm to produce perfume for some time after it has 
been picked and a much better yield rcstilts than when the flower is immersed 
in hot fat, which immediately stops the production of more flower oil by 
the blossom. 

Flower Pomades. This flower pomade, obtained either by maceration 
or by the enfieurage process, is then wa.shed with alcohol, which extracts 
from the pomade the odorous substances which this has absorbed from 
the flowers. Here again the siime objection of large bulk presents itself, 
as the fat ab.sorbs only a very small proportion of the fragrant constituents. 
Then there is another more serious objection to the flower pomades that 
are obtained by maceration or enfieurage, namely, that the fats employed 
(usually lard or tallow) will turn rancid in time, and, furthennore, even 
the best quality of neutral fats contain a small proportion of alcohol-soluble 
constituents (traces of alcohols, ethers, aldehydes, ketones and esters 
belonging to the fatty series) which impart a greasy odor to the spirit used 
for washing the pomade. This greasy by-odor (and, where poma<le8 have 
been kept for a long time, the decidedly rancid by-odor) seriously interferes 
with the flower odor proper. 

Volatile Solvents. These objections have led to the more modern 
process of treatment by volatile solvents. Petroleum ether, carbon tetra¬ 
chloride, chloroform and other volatile bodies have been used for this 
purpose. These solvents in passing through a layer of flowers or materials, 
diasolvc the odorous constituents, together with the plant resins, coloring 
matter, waxes and other substances present, which are soluble in the sol¬ 
vent utilized. By then distilling off the solvent at a low temperature, 
usually in a partial vacuum, the odorous bodies, with the impurities men¬ 
tioned, remain in the residue. As the yield from different flowers varies 
greatly, various quantities of wax, paraffine or some liquid odorless ester 
are usually added to reduce the cost and in order to market the different 
odors at the same price. 
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Flower Concretes and “ Absolutes.” By this method the so-called 
“ flower ooneretes ” are made in southern France. This process has recently 
been improved again by eliminating from this concrete the alcohol insoluble 
portion. The concrete is treated with alcohol, thus extracting only the 
alcohol-soluble constituents and the alcohol distilled off, which gives a final 
product, marketed under various trade names, but usually called “absolute 
flower concrete” or “absolute flower essence.” In another process, the 
waxes naturally present are precipitated, separated, and the solvent then 
evaporated in the usual manner. Other of these essences are obtained by 
washing llie pomades and distilling off the alcohol. These, of course, are 
subject bt tl>o same objections :is the pomade, as the fatty by-odors, elimi- 
natetl by the volatile solvent process, are present in them. All these so- 
called " ahxdhitcs," howeirr, are far from absolute in practice, because they 
still contain (luite a large proportion of various odorless constituents and 
coloring matter present in the plant. Furthermore it is quite a common 
and well-known commercial practice te add to these so-called “absolutes” 
odorless esters or chemical bodies, with tiie twofold object of making the 
products more soluble and principally of reducing their cost, thus com¬ 
pensating in a measure for the fluctuating yield due to season and the ever- 
changing cost of production, often due to speculative influences. 

Flower Perfume Materials. These include our finest odors, perfumery 
products isolated from the flowers by means of cither the enfleurage or 
macemtion process, or synthetic reproductions of these materials. All of 
these products arc exceedingly complex in character and owe their fine 
perfume to the proper blending of many distinct chemical bodies, produced 
in such lavish profusion in nature’s laborator3^ These materials form the 
most important group available for duplicating the delightful blossom 
fragrance, and include all blossom oils, concretes, “absolutes,” pomades, 
and washings therefrom, and all the fine synthetic flower perfume oils. 
Many of the different flower odors contain a number of the same con¬ 
stituents, but in widely differing proportions and influenced by the odor 
or other bodies present. 

Acacia. These blossom oils are derived from an extensive genus of 
trees and slmibs, varying in habit from heath-like shrubs to lofty trees, 
and spread throughout the sub-tropical region of both hemispheres. The 
oils which are used extensively belong to the violet series and give a most 
delightful flower perfume. The oil is prepared by macerating the flowers 
with olive oil and then extracting with alcohol. 

Artificial acacia is prepared mostly from aubepine and toned with 
jasmin, rose and neroli. Various blends may be made by adding phenyl- 
acetic aldehyde, methyl anthranilate, iso-butyl benzoate, linalol, and beta 
naphthol methyl ether. 

Carnation. This flower has been known for many centuries, the earliest 
record of which seems to have been about 400 b.c. Its rich spicy odor, 
however, has been developed by cultivation, although it is a peculiar fact 
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that many boautiful forms arc now known which arc almost devoid of per¬ 
fume. There are over fifty species of tills flower with numerous varieties 
including carnation pink, picotees and sweet-williams. I'lie blossom oils 
are usually extracted in tlie form of pomades and occasionally by means 
of vrilatile soK’ents as concretes. The flowers are picked after exposure of 
several hours to bright sunlight a.s the perfume is then at its maximum 
fragrance. On account of its high price the absolute flower oil is not much 
used, perfumes being generally made from extracts of the pomade. There 
are many carnation oils on the market, most of which are composed almost 
cxclu.sively of synthetics. An e.xact reproduction, however, i.s almost 
impossible without a certain amount of the natural concrete. The basis 


of the .synthetic mixture is iso-eugenol, while variations may be obtained 
by the proper combination of eugonol, Iso-butyl phenylacetate, nerol, amyl 
salicylate, and terpineol. 


Cassie. Although a native of Chili, cassio Is e.xtensively cultivated in 
Greece, Canne-s and Syria, where the young plants are raised fr<jm sec<ls. 
On the third year they are gnxfted and transplanted to the open fields 
where abundant sunlight is possible and where shelter from cohJ winds i.s 
provitled, Thv tree grows to a height of about 15 ft., the blossoms being 
successive. That is, some are ready for collection while others are being 
formed. The flowi'rs are gathered twice a week, the yielil of blossoms 
lx‘ing about 2 lbs. per tree. 

The flowers are extracted by means of hot fats or by volatile solvents. 
These blo.ssoin oils l)elong to the violet series, but contain as added constitu¬ 
ents the methyl esters of salicylic and methyl salicylic acids, methyleugenol 
and other bodies. Both natural and .synthetic blo.ssom product>s are avail¬ 
able, which arc u.sed extensively and have a most delightful flower perfume. 

In the preparation of perfumery the cjus-sie concr<*te is mostly u.sed. 
It enters largely also into violet bouquets, to which it gives a delightful 
fragrance unobtainable by other means. Artificial cassie may be readily 
prepared by using the proper mixtures of methyl salicylate, benzyl alcohol, 
Lso-butyl salicylate, and l>enzaldehyde. 


Hawthorn. This flower, also known as may blossom, has been known 
from the earliest times. There are about forty species of this family grow¬ 
ing in both hemispheres. The trees grow to about 20 ft. in height and live 
to a great age. The fragrance of the ha^vthoni flower, either single or 
double, is well known from its pleasing spicy odor. The natural oil from 
hawthorn, however, is not an article of commerce, but the artificial per¬ 
fume is in common use. The odor of hawthorn may be well reproduced 
by anisaldchyde and acetoplenone. The usual practice is to combine 
these materials with a natural rose odor such as geraniol, and get the 
almond tone with bcnzaldehyde or methyl paratolyl ketone. 

Heliotrope. The heliotrope occurs in about ninety species distributed 
throughout the tropical and sub-tropical areas of the globe. The favorite 
so largely cultivated carries a lavender-colored flower which emits a de- 
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lip;}itful frafjrjinco. The* natural oil is used but slightly in the form of the 
nl)S()Iuto. the triple extract being more generally employed. The extract Ls 
obtained by macerating the flowers in warm fats, as soon after collection 
as p()ssible. The odor of heliotrope is approximated by piperonalvanil- 
lone and by holiotropine. Safrol is also used chemically as by oxida¬ 
tion it yields heliotropine or piperonylic aldehyde, CoH; 5 (OCH 20 )CHO, 
tlie methylene derivative of protocatechuic aldehyde. This substance has 
the odor of heliotrope and is one of the constituents to which the flower 
oil owes its perfume. Alone, however, it lacks strength and character 
and must be reinforced with other bodies present in the blossom. Helio¬ 
tropine crystals have proven valuable as an addition for sweetening soap 
perfumes and for other technical applications. Heliotrope-blossom oils 
are among the most useful products available for perfumery, as they arc 
much useil for sweetening many other flower odors. 

Honeysuckle. The honej'suckle is a twining slmib native to the tem¬ 
perate zones, and is found growing wild as well as cultivated. It is a 
favorite for planting against arbors, porches and houses. The genus con¬ 
sists of about eighty species. The perfume of the honeysuckle is pleasingly 
sweet, and to many the fragrance is more appealing than that of the violet. 
The natural perfume is not used to any extent in the form of absolute. 
The artificial honeysuckle perfumes are made from a mixture of linalol, 
geraniol, or rhodinol with a small amount of hydroxy-citroncllol, while 
tlu* floral note is obtained with jasmine, narcissus or rose. Variations may 
also be .secured by substituting for the above methyl anthranilate, benzyl 
acetate, and para-cresol phenylacctate. 

Hyacinth. This plant is a native of Syria and other parts of Western 
Asia. It is extensively cultivated in Holland, where large areas are devoted 
exclusively to its growth. The odor of hyacinth is heavy and of an ethereal 
nature. The natural perfume is extracted from the flower by means of 
volatile solvents. The essential oil thus obtained has a very disagreeable 
and pungent odor, but upon high dilution the true fragrance of the flower 
again appears. Artificial hyacinth is one of the simplest to produce, as 
there are several definite chemical bodies with odors very similar to that 
of the flower. The most important synthetic compound used for this 
purpose is phenyl acetic aldehyde, known under the trade name of hyacin- 
thin. The odor of this substance is rather harsh, and so is little used in 
fine perfumery. It does, however, find extensive application as a soap 
perfume. Several other compounds have a decided odor resembling 
hyacinth and arc cinnamic alcohol, styrolene acetate, and phenyl propyl 
alcohol. 

Jasmine. The jasmine flower is supposed to have been a native of India, 
and to have been introduced into Europe at an early date. Some species 
of jasmine are climbers and have either single or double flowers. The flower 
emits a most delightful fragrance, some species retaining the odor even 
when dry. The odor of jasmine, like that of the rose, has never been suo- 
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cessfully duplicated by synthetic compounds. The blossoms are collected 
from July to Octol)er, although those gathered during the months of 
August and Septeml)er yield the largest <juantity of oil. 'The tnethod of 
e.xtraction is by the enfleurage process or by means of volatile solvents. 
The jasmine odor is one of the most ustTul perfumery raw materials, in- 
di.speii.sjible in many bouquets, as it imparts great fre.shness and delightful 
odor effect.s. Jasmine-blos.som oil contain.s principally the benzyl e.sters of 
acetic, formic, and propiotuc acid.s, linalool an<I its esters, methyl anthra- 
nihite, benzyl alcohol, geraiiiol, para cresol, a ketone jasmine and traces of 
a number of other constituents. Cai>e jasmine or gardenia oil belongs to 
the same <)<lor cla.ss, but is le.ss fleeting an<l has a more intense sweetness. 


Lavender Oil. (bl of lavender is distilled from a mernluT of the miiit 
family, and while (luantities are produced in England, the bulk of the 
product comes from southern France. Frencli lavender oil is commonly 
valued by tlie c.ster content, estimating the mixture of esters as linalyl 
acetate. 'J'he so-called Mitcham or English lavcmler oil contains less 


ester but other constituents are present in small proportion which give 
a different perfuiiu? effect. The Englisli oil commands a higlier price. 
This is again an instance where the proportion of one constituent do(‘s 
not determine the value of a perfumery pnxluct. It is the cjuality of 
the constituents pre.sent tliat influences the value of the oil. Synthetic 
products are also marketed which impart a similar perfume to the 
English oil. 

Lilac. J'hcre are throe well-known species of lilac, all of which were 
originally natives of the East. The common lilac is a Imsliy erect shrub 
and was introduced into this country, especially throughout New ICngland, 
by early lOngli.sh settlers, where it becanm one of the most common orna¬ 
mental shrubs. The inflorescence may be red, purple, blue or white. The 
natural ab.solutc Is not an article of commerce and its composition is not. 
known. 'I'he base of artificial lilac is terpineol, which very closely resiunbles 
the odor of the natural flower. A much more pleasing effect, is obtained 
by the addition of hydroxy-citronellol. Another base which has a marked 
lilac odor Is dimethyl Ixuizyl carl^inol. Thc.si* bases are usually bletuUsl 
with phenylcthyl alcoliol and more character obtained by the addition 
of small quantities of heliotropin, vanillin and ylang-ylang oil. 

Lily. The beauty and purity of the lily are terms which have been 
used for centuries. The plant itself has a single stem, but sometimes give 
rise to two distinct blossoms. On each stem there is usually only one 
flower but two may sometimes appear. The name lily is ofUui given to 
flowering plants in general, but botanically it is restricted to tlie genus 
Lilium, of which a great many species are known. Different lilies give 
slightly different, odors, but in general they may be described as delicate, 
sweet and elusive. Some of the best known of this group of perfumery 
giving flowers are the madonna lily, tiger lily, lily of the valley, and 
belladonna lily. The natural perfume is extracted by means of volatile 
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solvents and comes on the market as concretes or liquid absolutes. In the 
preparation of artificial lily perfumes hydrox>'-citronellol is mostly used. 
This is blended with terpineol and linalol to give the desired note. 

Magnolia. Tlie magnolia is a tree native to Cliina, Japan and America 
which often grows to a height of from 80 to 100 ft., about eighty species 
are known. Tlie perfume of most species has a fragrance resembling lily- 
rose. Tlie natural perfume is not inucli used, but an artificial product is 
generally compounded from other flower oils and synthetics. 

Mimosa. Tlie iierfume of mimosa is very pleasing and closely resembles 
that of cassie. It is extracted by means of volatile solvents. The abso¬ 
lutes are fairly cheap, and are therefore largely used as the base of colognes 
and for imparting a distinctive note to other perfumes. Although mimosa 
may be used by itself as a fine perfumerj’^ material, many artificial products 
are on the market. Among such synthetic substances which produce the 
mimosa odor should be mentioned methyl acetophenone, and methyl 
papatolyl ketone. 

Narcissus. This flower resembles in fragrance that of the violet, but . 
with a sweeter tone. The natural perfume is obtained both by the enfleu- 
rage and volatile solvent processes. Artificial narcissus is prepared with 
para-cresol phenylacetate as its base. To improve the fragrance this mate¬ 
rial is blended with terpineol and phenylacetic aldehyde. 

New-mown Hay. The fragrance of the hay field is familiar to us all 
and is especially noticed when the grass is dr>". This odor comes from 
the stock of many common grasses which grow wild in the pasture and 
field. The natural perfume is due to the presence of coumarin which is 
formed by the action of a ferment on the constituents of the plants. In 
the preparation therefore of this perfumery the compound coumarin is 
largely employed. The proper tone is obtained by adding to the coumarin 
a certain quantity of lavender and bergamot. 

Orange Blossom. The flowers of the orange tree both from the sweet 
and bitter varieties are delightfully fragrant, and recall somewhat that of 
jasmin. The bitter orange tree yields four different products, all of which 
are of value in perfumery. Neroli oil is obtained from the blossoms by 
distillation. Orange flower absolute comes from the blossoms by extraction 
with fats or volatile solvents. The oil of petitgrain is derived from the 
leaves and twigs by distillation. Oil of orange is derived from the peel 
by expression. One of the oils which owes much of its odor value to esters 
of linalol is the oil of neroli, distilled from orange blossoms. We have 
already mentioned methyl anthranilate and a number of other substances 
that contribute to the complex orange-flower odor. Neroli oil, being 
made by steam distillation, does not represent the entire odor value of 
the flowers, but having become a commercial product many years ago, 
is esteemed by manufacturers of cologne, and is also used as a flavor to a 
limited extent. “Orange-flower water“ is obtained as a by-product, and 
contains the saponified portion of some of the constituents present in the 
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blossom. It may l)C had at a fair price, considering tlio fact that the 
purchaser must pay for the tran.^portation of distilled water from Kuroi>e. 
A number of different varieties of neroli are known, neroli petals being the 
finest gradi*. neroli bigara<le coining next in <|uality, after wliicli there are 
variou.s inferior grades, ending with the so-caUe<I oil of petitgrain. Thi.s 
is importeil from South America, wliere it is distille<l by crude native 
methods from twigs, leaves, unripe fruit, as well as flowers of tlic wild 


orange frees, whicli have .spread fn>m those' planted there when Spani.sh 
friars controlled that quarter of the world. Oil of petitgrain is frequently 
used to dilute the more valuable neroli oils. Orange-flower products made 
by enfleurage or .sjmthesis tliffer greatly in composition from <li.stilled 
neroli oils as they represent all the blossom constituents. As previously 
mentioned they contain a much larger percentage of methyl anthranilato, 
also phenylethj'l alcohol and its derivatives and other constituents which 
are lost in tlie steam-distillation proce.ss. The flower oils therefore have a 


much swci'ter and finer perfume than neroli oils and are indispensable in 


fine perfumer^’. 

Orchid. These flowers are found in tropical and temperate countries, 
the number of species being over 6000, all of which are verj' beautiful and 
so nece.ssarily popular. Some of the varieties grow on tree.s, some on rocks 
and from tubers. The odors range from an e.vquisito fragrance to a most 
disiigreeuble smell. The fM?rfume-bearing flowers exliale a distinctive odor 
for each species. 'Fhest' odors var>' from type to tyjK* and in lliem are 
found the aroma of wallflower, tubero.se, violet, lilac and many otliers. 

In the preparation of synthetic orchid i.so-butyl salicylate is the most 
commonly employed. By blending with other materials a variety of 
exquisite perfumes may be obtained. 

Rose. The delightful fragrance of the rose is known the world over 
and from antiquity luis b(?cn regarded as the queen of flowers. Many 
references are made to the rose in the pages of liLstory, while mythology 
and the magic art often mention it. The product known as Turkish otto, 
Is one of the highly-prized perfumery products used throughout the world. 
Turkey, however, does not produce even a small proportion of the crop; 
almost all of it comes from Bulgaria; of late Asia Minor and Persia also 
produce a limited quantity. Yet it must be remembered and repeated 
that distilled oil of rose has only part of the perfume of the flower. The 
very act of steam-distillation destroys some of the most valuable constit¬ 
uents present in the petals. As subsequently mentioned the oil consists 
largely of gcraniol, citroncllol, and allied alcohols with a small proportion 
of their esters, as well as about 20 per cent of an entirely odorless, waxy 
hydrocarbon belonging to the paraffin series. Much of the oil is impure. 
The official figures show the importation into Bulgaria of quantities of 
products that may be used as adulterants for oil of rose and the export 
of a great deal more rose oil than the statistics show has been produced. 
The roBc-flower products have a much finer perfume than the distilled 
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oil, or otto, and arc available in many modiOcations. Rosa contifolia is 
us(‘d for manufacturing rose concretes, pomades, and absolutes. The 
blossom oil contains up to 80 per cent of alcohols, principally phenyl- 
ethyl alcohol, which is almost entirely absent in the steam-distilled otto, 
as it passes into the rose water. Oils imparting the odor of the tea rose, 
red rose, moss rose, white rose, and other varieties, are available. All of 
these members of the rose family contain other constituent.s in varjdng 
proport ions, hence in order to duplicate their odor we must utilize many 
(lifTerent chemical bodies. 

In the rose we find the terpene alcohols, geraniol and citronellol, present 
in large proportion. These are closely allied chemically. Geraniol has the 
fortnula C'loHisO, and citronellol C10H20O. Geraniol may be produced 
more economically from a number of the cheaper oils, as will be shown 
later, ('itronellol has not been found alone, but is usually accompanied 
l)y geraniol. As the commercial separation of these two alcohols is only 
possible by destroying the greater part of the geraniol present, the use of 
citronellol alone, which does not exist by itself in the flower anyw’ay, is 
not advantageo\is. Under the name of rodinol, or rhodinol, a mixture of 
geraniol, citronellol, and isomeric alcohols is marketed, containing the 
proportion of allietl alcohols present in roses. It has a very sweet rose- 
like odor when perfectly pure and is used in quantities. Citronellol is also 
produced artificially from the allied aldehyde, but this product lacks that 
soft sweet ness which is the characteristic of rodinol. The esters of geraniol 
and rodinol arc likewise of importance, the acetates, formates, and pro¬ 
pionates having a very sweet flowery odor. 

Tuberose, Jonquil, Narcisse Products. These again illustrate the fact 
that nature’s finest blossom oils often represent some of the same con¬ 
stituents, as these oils contain many of the items present in orange-flower, 
lily and jasmine oils—but in different proportion, and the odor is modified 
in each case by other bodies. 

Violet. Like the rose the violet has been known and esteemed since 
the dawn of history. Mention is made of it in the early writings on myth¬ 
ology and it was highly prized for its supposed medical properties. It is 
c»iltivatcd in all parts of the world, but in the south of France they are 
raised for extraction purposes. The best oil is obtained by maceration or 
by volatile solvents. The absolutes obtained in this way are very expen¬ 
sive, and as a matter of fact, probably very little absolutely pure absolute 
is on the market. The chemical constituents of violet are not known, 
and there is very little likelihood of this ever being accomplished. The 
reason for this is due to the fact that it would cost a fortune to get enough 
of the true oil for a chemical investigation. The presence of ionone or a 
similar body seems possible as the effect of benumbing the olfactory 
nerves occurs in both instances. Ionone, as well as irone, popularly repre¬ 
sents the violet odor, but as a matter of fact many other substances con¬ 
tribute to the violet perfume. The manufacturer who thinks he can get 
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a violet by merely dissolving a basic ketone like ionone. iovionol, iralol, 
irone or orris oil in alcohol is doomed to disjippoinlnuait, because the 
other substances are missing winch contribute tlie life-like character and 
really produce the complex odor-effect which the public knows as violet. 

Ionone bears the s^iine relation to the violet odor as gcraniol does to 
oil of ros(‘. Alone it lacks character and life. Synthetic violet-flower oils 
are used in enormous quantities and may be had in all shadings of this most 
popular flower perfume; even the so-called “grt‘en” odor of the leaf has 
been reproducer! by synthesis with entire success. 

Wallflower. This flt)wer is a native of southern Europe, but has been 
tran.splantcd into other parts of the world. It has been imi>rovr‘d by cul¬ 
tivation and now gives a very beautiful flower. The flower it.self is not 
extracted, but many synthetics are on the market. 

Ylang-YIang Oil. Ylang-Ylang oil ha.s long been one of the mo.st 
valuable products of the Philippines. The distilled oil is a ver>' compk^x 
body which difTers .somewhat from year to year and according to the 
method of production. In fact, ylang and cananga, a cheaper oil, arc 
derived from the sjirne tree. The best ylang-ylang oil consists of the 
first portion of the steam distillate. It conUtins a larger proportion of 
esters. Cananga oil represents the le.ss valuable fractions, forming the 
second portion of the di.stillate. Its odor is not nearly as sweet and its 
value is often less than 10 per cent of ylang oil. Many of the chemical 
bodies that we have de.scribe<l are present in this oil, therefore it is a fine 
exarnph* of a complex natural product. It contains benzyl alcohol, benzyl 
acetate, benzyl formate, bonzj l benzoate, benzyl salicylate, method anthra- 
nilatc, methyl benzoaU*, methyl salicylate, geraniol, gcraniol acetate, lina- 
lool, linalyl acetjito, eugenol, Lso-eugenol, methyl eugenol, methyl Lso- 
eugenol. This list, while long, is by no means coinphde, as a number of 
allied bodies, especially other esters, are also present. Even all the.se 
together will not give the right odor, until the characterisf.ic constituent 
Is added which converts the product into ylang ylang. 'J'his body is the 
methyl ether of para-crc.sol, which is enormously powerful and tlicreforc 
rnu.st be used with great care. Traces of para-cresol itself ami of guaiacol 
ethers arc also pre.sent in the oil. 

The above description of the essential oils from the flowers of plants 
includes the most iinporhint. Others have some commercial value, but 
arc too numerous to mention. The following list includes the oils derived 
from leaves which carry the most common oils. 

Bay Oil. Bay oil is in no way related to the bays or laurels of cljussical 
times, but is distilled from leaves of trees native to the Wo.st Indies, 
l)elonging to the Pimenta or Myrcia family. At an early date these sweet 
leaves were soaked in rum, and the well-known bay-rum was the result. 
It was later found that an oil obtained by steam distillation could be 
added to alcohol, and a very similar product obtained. The oil contains 
eugenol and methyl eugenol as its principal constituents. It also contains 
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chavicol, CoHi(OH)C 3 H:„ and its methyl ether, which has been men¬ 
tioned previously as present in anise oil, and a little citral, which we shall 
consider later. In addition there are a number of terpenes, which are 
bodies that have only recently been investigated and about which we shall 
have to learn much before we can understand them. They are present in 
many oils in considerable proportion and iu traces in nearly all essential 
oils that are distilled. They are a disadvantage in practically every 
instance, as they take up oxygen from the air, thicken the oils, give rise 
to unpleasant odors and have but little odor value themselves. Many 
of the natural oils contain a large proportion of terpenes, and therefore a 
purified product which eliminates these is highly to be preferred in manu¬ 
facturing, because the purified oil is more soluble, has the odor of the plant 
or fruit in a higher degree, and is more concentrated. 

Birch Oil. Birch oil is almost entirely composed of the methyl ester 
of ortho-oxy-benzoic acid or salicylic acid. This is also the main con¬ 
stituent of value in oil of wintergreen. For this reason the U. S. Phar¬ 
macopoeia has recognized artificial methyl salicylate, made by condensing 
salicylic acid and methyl or wood-alcohol. For flavoring, methyl salicy¬ 
late is much inferior to ethyl salicylate, which also exists in many natural 
oils, as the ethyl ester gives not only a sweeter, but more lasting flavor. 

Cinnamon Oil. Ceylon cinnamon oil is worth about four to five times 
as much as oil of cassia. It has a finer odor than cassia, and while the 
content of cinnamic aldehyde is lower, ranging from 65 to 70 per cent, 
other constituents are present which influence the odor considerably. For 
this reason, Chinese cassia oil and Ceylon cinnamon oil should not be 
confused or called by the same name. The odor of cassie also should not 
be confused with cassia. Cassie is a member of the acacia and minosa 
family and belongs to the violet group of odors. See Blossom Oils. 

Eucalyptus Oils. In Australia, we find various members of the Euca¬ 
lyptus family. They yield oils differing very much in chemical composi¬ 
tion and odor, and the exact species of tree from which the oil was obtained 
should always be mentioned. The ordinary commercial eucalyptus oil 
owes its medicinal effect principally to a body chemically known as euca- 
lyptol or cineol, CioHisO. Eucalyptol is widely distributed throughout 
the essential oils in small proportion, but when present in large proportion 
as in eucalyptus oil, or when concentrated, it has a disagreeable taste and 
odor. Consequently its use has decreased considerably in recent years, 
as other medicinal bodies have been found which are not as un¬ 
pleasant. 

Geranium Oil. Oil of pelargonium is one of the more modem oils and 
is of considerable commercial importance, as it contains about 70 per cent 
of terpene alcohols, that is, both geraniol and citronellol, in varying pro¬ 
portions, according to the source. It shows that the same plant will yield 
other chemical substances when grown in different soils or climates. A 
number of varieties of pelargonium or geranium are distilled in Algeria 
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anti throughout northern Africa, tis well as in some of the Frencli island.^, 
especially Kt^union, and to a limited exU*nt in southern France. The plant 
is common with us as a house-plant, and is known as “ro.'^e geranium.” 
The oil is used in perfumeiy’ and soap-making, and also serves as the 
source of the valuable t<>rj)ene alcohols, which may either be isolated and 
usetl as such or changetl by .synthesis into derivatives having a much higlier 
perfume value. The so-called Turkish or Kast-Indian geranium oil should 
not be confu.sed with the.<e pelargonium oib as it is tlistilled in the ICa.st 
Indies from one of the grasses. Si'o under Pahna-rosa oil. 

Patchouly Oil. Oil of patchouly is an illustration. When adiled to 
rose protlucts in infinitesimal proportion it helps to duplicate the peculiar 
odor of the white rose. The paU'houly pl:mt is principally obtained from 
the Straits Settlements and Java, where it has been cultivated so long 
that it has almost wholly lost the habit of flowering. The oil, which i.s 
dLstilled from the leaves, increases in value on aging. By chemical methods 
the oil may be purified and the undesirable constituents, wliich have a 
moldy, dLsagreeablc odor, remove<l. The resulting product.s can be used 
without hesitation in the finest perfume combinations, but only in small 
proportion. If employed in too large a quantity the cfTcct will not be 
agreeable. 

Peppermint Oil. M'hile speaking of the aromatic oils used as condi¬ 
ments or for flavoring, we must not overlook peppermint, which is pro¬ 
duced so extensively in America. Oil of peppermint owes its chief value 
to menthol, an alcohol, luiving the fonniila CioHtyOH, and some of the 
esters of menthol, principally menthol acetate. Japanese oil of pepper¬ 
mint is also marketed, though often part of the menthol has been previously 
removed from it. 

Wintergreen Oil. Oil of wintergreen represents one of the exceptions 
among essential oils, as it consi.sts of practically one constituent to which 
the odor and flavor value is due. Almost all others arc much more com¬ 
plex in character. Methyl ssilicylatc, inLxed with a little ethyl sjilicylate, 
and a trace of the methyl ester of methyl salicylic acid, can scarcely be 
distingiiLshed in flavor from the natural oil. It is not surprising therefore 
that these natural oils are so largely adulterated, for while the synthetic 
oiLs arc leginiato articles of commerce, they should not be supplied where 
the natural product is ordered, as this is much higher in value, due to 
cost of production. 

Verbena OiL This oil is obtained from the leaves of the plant which 
is cultivated in the south of France. The oil is of a yellowish color, closely 
resembling lemon oil in odor. It is used very largely in bath preparations, 

to impart a clean fragrance. 

From barks the following essential oils are obtained: 

Canella Oil. This oil is distilled from the bark of Canella alba, a plant 
growing in the West Indies. The odor of the oil is very strongly aromatic, 
resembling that of cinnamon and cloves. 
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Cinnamon Oil. This oil is distilled from the bark of a tree growing 
in Ceylon. It is sometimes adulterated with the oil from the leaves. 
It has a very pronounced odor and is used in medicine and for flavoring 
medicinal preparations. In small amounts it is sometimes added to per¬ 
fumes. 

Cassia Oil. Another spice oil of importance is oil of cassia, improperly 
called in the U. S. Pharmacopoeia, VUI revision, oil of cinnamon. Oil of 
cas.^ia owes its main value to cinnamic aldehyde, CoHsCH : CH CHO, 
which is present to the extent of about 80 per cent. This aldehyde is also 
produced by sjmthesis by condensing benzaldehyde with acetic aldehyde. 

From the wood of trees the following oils are obtained: 

Camphor. Camphor occurs in the wood of the Cinnamonum camphora, 
a tree grown and extensively cultivated in Japan. It is also prepared syn¬ 
thetically from borneol by oxidation. 

Camphor, CioHigO, is a body, which, while not an essential oil, is very 
important, not only on account of its medicinal value, but because it is the 
parent substance of many other chemical bodies. Japan has controlled 
its production, but it has also been made by synthesis and artificial cam¬ 
phor is now on the market. Camphor is obtained commercially by dis¬ 
tilling with steam the wood of the camphor tree. Recently, the discovery 
has been made by the U. S. Department of Agriculture Experiment 
Stations that small plants, just started from the seed, can be mown and 
distilled with a very good yield of camphor. Camphor is a solid which 
crystallizes from camphor oil on chilling. The crude product is imported 
from Japan and refined in the United States. The liquid portion of 
camphor oil is very complex, and is one of the sources of safrol, which is 

used commercially in medicine as artificial oU of sassafras, of which this is 
the principal constituent. 

Cedar Oil. This oil is obtained by the distillation of the cedar wood 
a small tree growing in North America. It is used to some extent as an 
adulterant for sandalwood oil and ionone, and to a small amount in some 
cheap violet compounds. 

Linaloe Oil. This oil is obtained from a small tree growing in Mexico 

where it is produced by distillation. It is colorless or pale yeUow in color 

and has a pleasant woody odor. The principal constituent of the oil is 

Imalol, which on account of its sweet odor is used quite extensively for 
toning other perfume oils. 

Sandalwood OU. Oil of sandalwood has been known for many years 
and has always been highly esteemed in the Orient. Sandalwood itself is 
an ancient constituent of incense, and the trade in this rare wood is so 
valuable that it has been monopolized by the Indian government, auction 
sMes being held at regular periods, under supervision of East Indian 
officers. But little of the wood is distUled in the Indies; the greater part 
is exported to Europe and America, where the oU is produced by modem 
methods. The principal portion of the oU is known as santalol, a rather 
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complex chemical substance which is both alcoholic and aldehydic in 
nature and consists of a number of distinct chemical individuals. 

Santalol. Santalol is much more valuable to the perfumer than Siindal- 
wood oil because it represents only the useful portion of the oil, as the 
ill-smelling constituents have been removed. From some of the fractions 
of sandalwood oil portions have been isolated whose odors are almost 
identical with certain fractions obtained from oil of patchouly, showing 
that the.se oil.^. produced in the same cliinate by a tree and herb whicli 
have no botanical relation, contain similar compounds. 

The cedar-like odor of oil of .siindalwood has often led to its adultera¬ 
tion with oil of cedar, which is nmch cheaper and may bo had in unlimited 
quantities. Much c(‘danvood oil is di.stillcd from the sawdust or shavings 
produced in manufacturing lead pencils. A finer grade finds a limited 
market, being used in microscopical work. 

From roots xve get the following: 

Angelica Oil. This oil is distilled from the roots and seeds of a plant 
indigenous to Northern Europe and Asia. It hjv.s a plca.sant aromatic 
odor and i.s u.scd both for flavoring liquors and as a constituent of per¬ 
fumes. 

Sassafras Oil. This oil is obtained by distillation from the roots of 
a plant growing in North America. It has a pleasant odor and is used 
both as a flavoring material and in perfuming soaps, pastes and polishes. 
Safrol, CJ 0 H 10 O 2 , is the main constituent of this oil, of which it fonns 80 
per cent, the balance consisting of 7 per cent camphor and terpencs. 

Vetiver Oil. This oil, also known as cus-cus, kusa or kus, is one of 
the oldest known perfume odors, and still enjoys great popularity. It is 
distilled from the root of Andropogon muricalus or squarrosus, an East- 
Indian gras.s. The oil made in India is usually dLstillcd with san<ialwood, 
but the root is exported and worked up principally in E\iropcan factories. 
Tho. yield of oil ranges from 0.45 to 0.92 per cent. The U^union oil is 
much inferior in odor and has a different chemical composition. Even 
the best oil contains some constituents having a disagreeable odor, fur¬ 
fural, diacotyl, etc. It is purified chemically and may then be used in 
perfumes of the highest grade. When employed in very small proportions 
it gives a most charming perfume effect and the fine character of many 
modem popular odors of the Oriental type is due to this constituent. 

From the rhizomes the following products are obtained: 

Calamus Oil. This oil is obtained by distillation from the rhizome of 
the sweet flag, a plant growing abundantly along the river banks in 
Europe. The odor is soft and fragrant and is used in many compositions. 

Ginger Oil. By distillation this oil is obtained from the rhizome of a 
plant cultivated extensively in Jamaica, Africa and India. It has a very 
characteristic odor, and finds application in the preparation of Oriental 
perfumes, giving to them a peculiar effect not obtainable with any other 

substance. 
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Orris Oil. Orris root, or the iris of Italy, when distilled, yields an 
essential oil containing about 90 per cent of myristic acid and about 10 
per cent of active perfume substances, of which irone, C13H20O, is the 
main constituent. An absolute orris oil free from the fatty acid is also sold, 
being from 8 to 10 times as strong. Methyl iovionol or iralol, C14H22O, 
is a basic ketone having a very sweet and powerful orris odor. Other 
synthetic orris products are available which even duplicate the valuable 
fixing properties of the root and are entirely free from the odorless myristic 
acid found in the natural oil. 

Grass Oils. From the citrus oils we pass to the East-Indian oils of 
the Citronella family, which include a number of aromatic grasses. They 
arc known by various names, and w'hile closely related botanically, pro¬ 
duce oils of entirely different odor-effects when distilled. They include 
the oils of citronella, palma rosa, or East-Indian geranium, gingergrass, 
lemongrass and vetiver. Hundreds of tons of these grasses are distilled 
annually by the natives in India. 

Citronella Oil. Oil of citronella is mostly used for technical applica¬ 
tions and for perfuming laundry soaps. Chemically, it is a source of the 
important terpene alcohol, geraniol, a constituent of rose oil. It also 
contains an aldehyde, citronellol, CioHigO, closely related chemically to 
citral, the aldehyde of lemon oil, which serves as a raw material for build¬ 
ing up other materials by synthesis. 

Palma-rosa Oil. Oil of palma-rosa, or East-Indian geranium oil, is 
likewise of importance, as it contains a large proportion of geraniol, which 
is isolated from the oil chemically and finds extended application. The 
oil itself is used as a soap perfume. Oil of gingergrass, so called up to 
recent times, was thought to be an adulterated palma-rosa oil, but has 
been proven to be a distinct essential oil, distilled from a different species 
of grass. It finds application principally in scenting soaps. 

Lemongrass Oil. Oil of lemongrass is of great value, because this 
contains, as previously mentioned, a large proportion of citral, CioHioO. 
Citral is not only one of the active principles of oil of lemon to which 
the main flavor is due, but may be chemically converted into other deriva¬ 
tives which are of much greater value in perfumery. Citral may be con¬ 
densed with acetone, by any alkaline-condensing agent, forming a ketone 
derivative known chemically as pseudo-ionone, which by treatment with 
acids is converted into ionone. Many isomeric substances are produced 
commerically and find extended application. 

Ionone. Ionone, C13H20O, is a direct derivative of the benzene series. 
The acid treatment converts the chain formula of the aliphatic series 
into an aromatic derivative by closing the chain into a benzene ring. 
Ionone exists in a number of isomeric forms, each of which has a slightly 
different odor. Many derivatives of ionone have been made. The name 
“ionone” having been trade-marked at the time the original patent 
(now expired) was applied for, in 1893, these violet ketones are marketed 
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under variotis trade namojj, as iovionol, neoviolone, ional and many others. 
Tlii.s lias causetl some confusion as <ldTer<>iit. products arc inarkete<l under 
the same name. For insUmce, iralol lias heen used erroiusiusly for ionone, 
hut properly refers to methyl ionone. a constituent of artificial orri.s oil. 
The conversion of pseudo-ionono by means t>f acid gives rise to many 
impurities htiving a disiigreeable odor. (Nmsetiuently the.se ketcmes are 
on the market in all pos.sible qualities, from those which are almost useless, 
on account of imperfect purification, to products which have a charming 
floral o<lor and are applicable for the finest perfumery purposes. Ionone 
is an i.somer of iroiie, the active princiiile of the cs.sential oil of orris 
root. 

Citrus Oils. The oils of the Citnis family, which include bergamot, 
lemon, lime, orange and bitter orange are made commerically principally 
in southern Italy and Sicily. (Oil of orange is also made in Jamaica.) 
All are obtained by expression and not by distillation. 

Bergamot Oil. Oil of Bergamot owes its odor principally t-o tlie ester 
present, consisting of linalyl acetate and allied compomuls. The com- 
merical oil usually contains from 30 te 40 per cent of ester anti is valued 
acconling to ester content. It has been largely adulterated, especially 
since the price has risen during the last few years, and should be purchased 
from reliable soiirce.s. Synthetic products are available, which duplicate 
the odor at consitlerably less cost. 

Lemon Oil. Lemon oil consi.sts principally (over 90 per cent) of tcr- 
penes, which have no flavor or odor value but which liasten the rapid 
oxidation of the oil, so that lemon oil will not keep very long and changes 
into turpontinc-likc-smelling dcrivative.s, which arc useless for technical 
appliciition. The active principles of lemon oil consist of about 8 per 
cent, the main constituent being citral, the aldehyde of geraniol. Citral 
is usually isolated from lemongrass oil, in which it is present in far larger 
proportion, ranging from 60 to 80 per cent, according f.o quality. Lomon- 
gras.s oil contains, however, other constituents that have a disagreeable 
odor. Citral alone, even when pure, docs not produce a fresh lemon 
flavor. It is well known that other substances arc prc.scnt in small pro¬ 
portion, for instance, small amounts of linalyl acetate, methyl anthranilate, 
and a number of other compounds. Lemon oil is used mainly as a flavor. 
WTierc a lemon perfume is wanted, as in soaps, citral may be used to much 

better advantage at a large saving in cost. 

Orange Oil. The oils of bitter and mandarin oranges and limes are 
made on a small scale, but the oil of sweet orange has found extended 
application in flavors and perfumery for many years. Oil of sweet orange 
contains a larger proportion of terpencs, which are useless from the odor 
and flavor standpoint, than any of the other oils of the Citrus family. 
In fact, it is estimated that less than one-twentieth of the weight of the 
commercial oil of orange consists of the active odor or flavor-bearing 
portion—among these decoic aldehyde has been identified as one of the 
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constituents that contributes the main flavor, but many other items are 
present. 

From seeds, berries and buds we get the following: 

Anise Oil. Anise oil is easily obtained, as it is only necessary to 
steain-di.still the seed until the residue is free enough from oil to be used as 
cattle food. The resulting anise oil is quite complex in composition, 
the main constituent being ancthol, CioHi 20 > the methyl ether of para- 
propenyl-phenol, and with it is associated the corresponding allyl com¬ 
pound known jis iso-anethol, methyl chavirol, or estragol, C 10 H 12 O. 
These bodies are also found in almost the same proportion in an entirely 
different oil from a botanical standpoint, because anise is a member of 
the Umbelliferous family, to which carrots and parsnips belong, while the 
star anise is distilled in China from the fruit of an ilex tree, which is related 
to magnolia, and yields an oil which can scarcely be distingiushed by 
chemical test from true anise oil. Star anise oil is usually produced in 
the cnidest ways by natives and is sold at a much lower price. The oil 
is used in medicine and sometimes as a flavor. 

Bitter Almond Oil and Benzaldehyde. The essential oil of bitter 
almond is an illustration of the futility of the classification of essential 
oils according to their botanical origin. The almond tree is a member of 
the great rose family, resembling our peach. There is no difference 
between the bitter and the sweet almond trees, and the fruits of both 
contain a considerable amount of fatty oil, which is also utilized in med¬ 
icine as “oil of sweet almonds.” A similar oil may be found in the apricot 
and peach fruit, but in addition, these two and the bitter almond kernel 
contain a body called “amygdalin,” which is a combination of glucose, 
hydrocyanic acid and benzoic aldehyde, and this breaks down into these 
bodies when acted upon by a ferment, called emulsin, which is also present 
in the fuit or seed, or by other hydrolizing agents. After the emulsin 
has acted, direct steam is applied, and a very old process in vogue among 
the alchemists, and named by them “cohobation,” is employed. The 
water which has been distilled off is returned to the still after separating 
the oil, by which means the total amount of water used is kept down 
to a minimum and a much larger quantity of oil is recoverd. The hydro¬ 
cyanic acid must be removed from oils intended for flavoring, because 
it is highly poisonous, and during this and the previous handling, care 
must be taken to prevent, as far as possible, the rapid oxidation of the 
principal constituent, benzaldehyde, to benzoic acid. This will well illus¬ 
trate the care which must be taken, and the number of reactions involved, 
in obtaining from nature such a simple body as benzaldehyde, which can 
be so easily made from toluene. For instance, if toluene is treated by 
chlorine, we obtain according to the proportion of chlorine employed, either 
benzyl chloride, C 6 H 5 CH 2 CI, or benzal chloride, CoHsCH-Cb. Ben¬ 
zaldehyde may be made from either of these toluene substitution products. 
For instance, if we treat benzyl chloride with lead nitrate and water, we 



ESSENTIAL OILS, PERFUMES, FLAVORING MATERIALS, ETC. 10G9 

obtain benzalclchydo, CgHsCHO. The oil of bitter alrnon<l, deprived of 
prussic acid, is commerically known as oil of bitter almond, S. P. A. (with¬ 
out prussic acid). The natural oil containing the acid is vcr>' poisonous 
and must never be employed except for medicinal purpo.<es, when the 
prescribing physician specLally tlesires its medicinal effects. 

Clove Oil. Cloves, one of the earliest items of trade between the 
East and ^^’est, contain such a large proportion of oil that even tlie cnidest 
methods give a fair jneld. Cloves are the dried, unopened flower-bud.s of 
a beautiful evergreen tree. Clove oil is the commerica! source of <Higenol, 
which chemically is allyl-mothox 3 '-oxy-benzene, Cii,Hi202 This is preesnt 
in the commercial oil to the extent of from 70 to 85 per cent. The other 
constituents are of no commercial importance. Eugenol may be obtaine<i 
from clove oil by combining it with an alkali, removing the terpenes, sot¬ 
ting free the eugenol, and vacuum distilling. Its specific gravity increases 
on aging, owing to the fonnation of resinous or condens:ition products. 
Consequently, a perfectly pure material, when fre.dily distilled, will have 
a slightly lower specific gravity. By treatment with alkalies, eugenol may 
be converted into iso-cugenol, which on oxidation yields vanilline. 

Coumarine. Coumarinc, Ccn4(0)CHCnCO, is the active principle of 


tonka beans and is also widely distributed in nature. It is found in quan¬ 
tities in the herb known as deer tongue and in small proportions is present 
in hay. The odor of new-mown hay in the fields is due partially to this 
substance. From the chemical standpoint, coumarine is int'Cresting, because 
it can be made from carbolic acid or phenol, which in turn brings us back 
again to coal tar, which has furnished so many surjiri.^es to chemists. 
Phenol, by treatment with alkalies and chloroform, may he readily con¬ 
verted into a mixture of tw'o aldehydes. We mentioned tho.se as an illus¬ 
tration in speaking of the futility of judging the value of a compoutul by 
its chemical formula. Ortho-oxy-bonzaldehydo is usually forrne<l in the 
larger proportion and may be readily converted into coumarine by the 
well-known Perkin reaction, by condensing this aldehyde with acetic 
anhydride and anhydrous sodium acetate. After proper purification, the 
chemical so prepared cannot be distinguished from a properly purified 
coumarine obtained cither from deer tongue or from the tonka bean. Puri¬ 
fication is of prime importance Ixjcause the slightest odor of the parent 
material, or of one of the reagents, adhering to the finLshed product will 
entirely spoil it. Coumarine is largely used in making cheap flavors, also 
in perfumery and in scenting soaps. Some of its chemical derivatives, 
the manufacture of which is more complicated, are even more valuable. 

Juniper Oil. Juniper berries and their oil have long been used for 
making gin and for flavoring. The berries have also a historical interest 
since in some sections of Central Europe, the custom prevails, when a death 
occurs in a house, of roasting the berries in a red-hot pan, so as to have 
the odor diffused throughout the rooms. Apparently this is a tradition 
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wliich has been handed down from pagan times, since juniper berries 
formed part of the sacrificial offerings of the early Teutons. 

Turpentine.—Juniper oil contains a considerable proportion of terpene 
and IhLs brings \is to the field of turpentine and allied products. Tur¬ 
pentine is a wid('ly use<l solvent and is becoming scarcer each year, so that 
lately even the old stumps have been utilized to produce a cheap grade. 
While not a perfume material, tlie oil is certainly an essential oil and it also 
serves as a source for some constituents of our most valued flower odors. 

Pimento. Another oil which contains a considerable proportion of 
eugenol (05 per cent) is the oil of allspice or pimento, official in the U. S. 
Pliarmacopoeia. It is used principally for flavoring. Most of the spices, 
herbs and other condiments utilized owe their flavoring value to essen¬ 
tial oils. 

Spice Oils. Among these, we may mention the oils of mace, nutmeg, 
caraway, celery, coriander, cumin, fennel, ginger, inajoram, parsley, sage, 
thyme, and pepper, all of which are more or less complex in composition. 
Space does not allow their discussion in detail. 

Vanilline. Chemically, vanilline, CoH 3 (OH)(OCH 3 )CHO, is the methyl 
ether of protocatechuic aldehyde and forms one of the main flavoring 
constituents present in vanilla beans. Vanilline alone, however, will not 
duplicate the entire flavor of vanilla, as it merely represents one of the 
constituents of the bean flavor. Vanilla beans contain in addition to 
vanilline, other substances to which the fine flavor of the beans is princi¬ 
pally due. Popularly, and quite erroneously, it has been thought that the 
resinous substances which arc present contribute to the flavor. As a 
matter of fact, the resinous bodies in the bean, when separated, tenaciously 
hold a small proportion of the active principles, but when perfectly pure, 
these rosins have practically no odor or flavoring value. Synthetic mate¬ 
rials arc available, however, which duplicate the entire flavor of the finest 
beans and are free from resins or tannins which contaminate the natural 
bean flavor. 

Fruit “Ethers.” WTiile speaking of flavoring oils, we should correct 
a popular error which early found its way into print and has been repeated 
many times. Over fifty years ago it was noticed that the esters of the 
fatty alcohols and acids had a fruity character. Old formulas have fre¬ 
quently been reprinted, which give the amateur instructions for the manu¬ 
facture of pear, banana, strawberry and other fruit oils by merely using 
these esters (called fruit ethers) in combination with chemical substances 
which should not be used in food products, such as chloroform, etc. 
When we consider the number of constituents which contribute to the 
perfume of flower oils, is it to be supposed that flavors which give aroma 
to the fruits would be less complicated in composition. It is no doubt 
true that most fruits contain a small proportion of these fatty esters, but 
they are present very largely as nature’s diluent. They bear the same 
relation to the fruit flavor as terpenes do to oil of lemon or as the odorless 
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benzj’l benzoato to the other substance.^ present, in flower oils in smaller 
proportion. Hence it retjuires etpial study and care to duplicate sj-nthet- 
ically any of the fruit flavors, after identifying and j)roducing the botlies 
to which tlie real fruit aroma is due. Alany of the substances present 
in flowers are also found in fruits. Methyl anthranilate is an example. 
This material is [)resent in grapes and contributes largely to the flasor. 
The siitnc is true of phenylethyl alcohol ami its est(*rs, which are more 
widely distributed in fruits than Ls commonly supposed. 

Artificial Fruit Oils. Artificial fruit oils arc now commerciall}’ avail¬ 
able, which imitate the natural flavor remarkably well. Among the more 
popular flavors marketed we may mention banana, chern,-, wild cherr>', 
pear, peach, pineapple, apricot, raspberrj’, .strawberrj’, etc. Their com¬ 
position is just as coinple.x a.s that of the blo.ssom oils, and the fruits con¬ 
tain many of the same constituents as the flowers, but in widely differing 
proportions. These pure oils should not be confused with alcoholic tinc¬ 
tures often masquerading as fnjit oils. The shrinkage in volume, when 
mixed with water, will give an indication of the proportion of actual oil 
present. Or apply a match to a sample. If much alcohol Is present 
the liquid will bum readily. Pure oils undiluted with spirit do not easily 
ignite from a match. 

Of the crude perfume materials used by the ancients, but few are used 
at the present time. The animal .secretions of value to the industry are 
very few, namely, mu.sk, civet, ambergris, and allied odors. 

Ambergris. Ambergris Is a product belonging to this scries, and is 
supposed to be a decomposition product present in the intestines of 
unhealthy wdialc.s. Its use has largely dccrca.scd in recent times, as 
synthetic sub.stitutcs have become available at a small fraction of the 
cost of the natural article, the supply of which is very irregular and 
uncertain. 

Civet. Civet is the secretion of the civet cat of Abyssinia, where the 
cat is kept for the purpose of producing a regular supply. It is a sub¬ 
stance somewhat similar to musk, but contains derivatives of indol, prin¬ 
cipally one of the mcthyl-indols, as active constituents. As brought into 
commerce, it is largely adulterated with fats and fatty substances, hairs, 
clay, etc. The substances present in natiirul civet, which give it fixative 
value, have been identified chemically and are produced synthetically. 
Civet materials arc now available, both in liquid and crystal form, as well 
as the active principle to which the odor of civet is mainly due, namely, 
one of the methyl indols, CoHoN. 

Musk. Musk is perhaps one of the oldest perfume materials in exist¬ 
ence and consists of the dried secretion of the preputial follicles of the male 
musk deer. This animal has been hunted so excessively that it has become 
practically extinct and it is now found only in the portion of Asia where 
the Himalaya Mountains rise to elevations of 8000 to 12,000 ft. Occa¬ 
sionally the animal may wander into lower altitudes, but the greater part 
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of the annual production comes from the Himalaya region. In Siberia we 
find musk deer, allied in family, but the musk secreted by them is not 
valued as highly in commerce and docs not have as powerful an odor. The 
musk pods arc purchased by native dealers, carried by caravans to the 
seashore and marketed from Chinese seaports. Commcrically the product 
is known as either Nepaul or Tonquin musk and is now valued at from $20 
to 825 an ounce. It is becoming scarcer each year, and the time is not 
far distant when the musk deer will be extinct, because each musk pod 
means that a male musk deer has been killed. Of course adulterations 
are plentiful. The Chinese have excelled in this, and have for many years 
past sold so-calleti artificial musk, which is a mixture of dried blood and 
various other substances, hard to identify, with just a trace of natural 
musk, marketed at prices ranging from $1 per ounce upward. The 
chemical substance to which musk owes, its odor has never been definitely 
identified. Some research work of recent years seems to point to a ketone, 
which gives a powerful musk odor, but no chemical work of note has been 
done on the subject. Owing to the expense involved, the exact chemical 
formula of the product is still in doubt. Musk also contains a number 
of impurities, which rather detract from the true musk odor, but are 
always present in the natural article. 

Synthetic Musk. If we now turn to synthetic musk, we find that here 
we encounter a product differing entirely in chemical composition, impart¬ 
ing a musk odor, and of which many chemical derivatives have been made. 
The original musk marketed was a trinitro derivative of toluene, and later 
a trinitro derivative of xylene. This brings us again to the parent sub¬ 
stance of so many valuable materials in chemistry and medicine, namely, 
coal tar. Xylene, which forms a considerable proportion of coal tar, 
may be condensed with iso-butyl chloride, by means of aluminum chloride, 
—that is the well-known Fricdcl and Kraft reaction, to form iso-butyl- 
xylenc. After careful purification, this substance is nitrated in the usual 
way, by employing a mixture of sulphuric and nitric acids, and the final 
product is thoroughly purified by repeated crystallization. This gives us 
the artificial musk of commerce, trinitro-iso-butyl-xylene, C 12 H 15 O 0 N 3 , 
consisting of small, yellowish, needle-shaped crystals, having a peculiar 
musk odor. This artificial musk is utilized in many perfume compo¬ 
sitions, and while it has not the identical odor of natural musk it has 
replaced it in numerous instances in the soap and perfume industry. 
The success of these products encouraged scientific research, and as 
a result a number of other musk compounds have been made which have 
a stronger and sweeter odor. Among these we may mention musk ketone, 
also a nitro product, in which, however, the CO, or ketone group, 
is present. Ambrette musk, and similar derivatives, made by other 
complicated chemical processes, have a more intense odor than any other 
artificial musk known and some of them have the advantage of being 
more soluble. 
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Fixatives. Some of these products which have but little odor are of 
value to the industry’, because thej’ are substance.s the perfumer calls 
“fixatives.” lu the plant, the perfume is prodmaal continuously in mere 
traces and is given off in infinitesimal <[uantities to the surrounding atmos¬ 
phere. When we, however, isolate these bodies to which the odt)r is due, 
and have them in concentrated form, their odor as giveti off is too int<‘nse 
and when we take a .^mall amount of this concentrate<l material and allow 
it to evaporate, tlie odor will not last as long, because it will evaporate 
more quickly than in the plant and, furthermore, the odor being so con¬ 
centrated an<l intense, will not be as sweet or as flower)'. If we, however, 
use with the material various substances known as fixatives, the odor is 
made less volatile. The perfume is only given off in .small fjuantities at a 
time and we therefore duplicate the conditions existing in nature. In 
former times, ambergris, mu.sk, and .some of the resins were exttuisively 
u.sed as fixatives, but most of these substances either had such a powerful 
odor, color, or sticky qualities (re.sin.s), that they could not always be 
u.sed in sufficient proportion to entirely sjitisfy. Here modern organic 
chemistry' has given us a number of substance.s, which, while practically 
of no o<lor value themselves, are very' valuable in combination, because 
they not only serve as fixatives, that is, make odors with wliich they are 
mixed less volatile, but in many instances have the tendency to sweeten 
the odor. Among repre.sentative instances of this class we may mention 
methyl anlsatc, benzyl benzoate, benzyl cinnamate, aiul bonzyl-iso-ougenol, 
which have but little odor. Sjmthetic ambergris and civet, while strongly 
odoriferous, arc usually not employed for their odor value, but because 
they act a.s fixatives. Then we have a group of very useful materials 
which combine a delightful odor with valuable fixative properties, as 
the many varieties of artificial musk, phenylethyl phenylacetatc, which 
has a channing rose-like fragrance, the various moss odors as Mous.se de 
Chene, Mousse de Perse, Mousse d'Orient, and many oilier products 
valuable as fixatives wlierevcr their odor hannonizes with the other con¬ 
stituents utilized. 

Benzoin. Of the fragrant gum resins known to the ancients, but fev' 
have survived. Gum benzoin is used in medicine to-day and forms a 
constituent of many toilet preparations. Sumatra gum benzoin has a 
dark-brown color and is only fit for medicinal use—it should never be 
employed for perfumery purposes. The gum coming from Siam or Ran¬ 
goon is the only variety suited for use in perfumery. It is practically 
colorless. Gum benzoin is chemically of interest, because from it benzoic 
acid was first isolated and it has given its name to the chemical benzene 
or benzol, CyHo- Then we have gum olibanum or frankincense, and myrrh 
—Arabian gums of sentimental, rather than practical, importance, although 
used in the manufacture of incense. 

Castoreum. Castorcum is a product from the beaver, which has a 
similar odor to musk. It is now but seldom used. 
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Labdanum. Then we have the old gum labdanum, mentioned in some 
of the ancient works of perfumery, the black color and stickiness of 
which prevented its extended use. Chemistry has enabled us to isolate 
from the gum the portion to which the real odor is due, which is now 
largely employed in the most modem creations and imparts all of the 
odor value and fixative value of the gum without the color and stickiness. 
Labdanol is indispensable in many high-grade bouquets, as it imparts a 
delicate softness to the odor and acts as a most excellent fixative as well. 

Peruvian Balsam. Balsam or gum Peru is improperly named, because 
all of it comes from the Rep\iblic of Salvador in Central America. This 
balsam is obtained by crude methods over a direct fire and has a rather 
smoky odor. It is too sticky to find application in perfumery and is 
employed in medicine. There is, however, the so-called oil of balsam Peru, 
which is separated from the balsam by chemical means, eliminating the 
resins, which has a very nice odor, although contaminated by the burned 
smoky smell, due to the phenolic constituents, which result from heating 
the balsam over direct fire. The product has been analyzed repeatedly 
and synthetic reproductions are on the market, which are superior in odor 
to the natural. 

Styrax. Styrax from Asia Minor is another gum of decreasing impor¬ 
tance, in which, however, important chemical bodies have been found,— 
among them styrol, as well as cinnamic acid and cinnamic alcohol, both 
of which are of importance. 

Adulterations. Owing to the high value of many essential oils and 
perfumery products, thej" are frequently adulterated. In former years 
this was verj-^ crudely done by adding paraffin, fatty oils in varying pro¬ 
portions, alcohol, and other crude diluents. As science progressed, how¬ 
ever, and made many methods available for testing the purity of these 
products, these clumsy adulterations have gradually disappeared from the 
market. But their place has been taken by much more dangerous adul¬ 
terants, which frequently can be found only by careful analysis. Conse¬ 
quently the old methods used for the detection of added alcohol by washing 
with water and noting shrinkage in volume, or by testing with certain 
aniline dyes which are insoluble in essential oils but dissolve if even traces 
of alcohol are present, and other crude testing methods, are of but little 
value nowadays. Neither is the old empirical method, to ascertain 
whether the oil leaves a grease spot on paper on evaporation, of value— 
some oils like bergamot, rose, etc., contain wax-like fatty bodies, which 
will produce a greasy stain. Then again methods of distillation are being 
constantly improved and constituent bodies of high boiling point, formerly 
lost, are now often present in the modem product. Only the ignorant 
native and the veriest novice employ the old adulterants we find so fre¬ 
quently mentioned. Many of the oils are now so skillfully adulterated 
that it requires great care, and all the physical and chemical constants 
of a sample must be considered together, to determine its purity. 
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Solubility. Most of the es.^ential oils are soluble in alcohol, and by 
noting the volume of alcohol uoces.s;iry Uj <“fTect complete soluiion com¬ 
parative data may be obtained, which can be made more exact by employ¬ 
ing Jilcohol of <iifferent strengths. 

Specific Gravity. This u.sually ranges from 0.87)0 to 1.100. Oil.s rich 
in terpenes (which liave an approxitnate specific gravity of 0.800) mostly 
approximate 0.850 to 0.900. Since the advent of terpeneless oil.< the ter¬ 
penes removed fron) these have become dangerou.s adulterants. 'I'lieir 
addition in appreciable quantity, which lowers the gravity, is often con¬ 
cealed by atlding some ester of high gravity like benzyl benzoate (specific 
gravity 1.12). Specific gravity can be most conveniently an<l quickly 
ascertained by means of the We.stphal specific gravity balance, if tlie size 
of the sample makes this possible. 

Boiling Point. 'I'liis is of but secondary’ value as all rst.'ini/ial oils arc 
mixtures of mamj different chemical bodies, which differ widely in boiling 
point. 

Fractional Distillation. If the size of the sample makes thi.s possible, 
this is often one of the best methods, as various adulterants can be defected 
to much better advar»tage in the difT(*rent fractions. To pr(*vent decom¬ 
position the product shouhi be fractionated in as lo\v a vacuum as possible. 
1 or 2 mm. can be ea.sily obtained, when distilling from a liter flask, by 
using modem laboratory equipment. 

Optical Rotation. The polariscope w’ill give u.sefid fig\ires with many 
many e.ssontial oil.s. It must be remembered, however, tluit some varia¬ 
tions are unavoidal)lo, as the same plant owing to climatic or soil condi¬ 
tions will in different countries yield an oil differing somewliat in rotation. 

Solidification Point. The temperature at which some oils congeal 
proves an important indication of their purity. For instance, oil of anise 
is tested by this method. 

Aldehydes. Some oils contain a large proportion of aldehydes; ca.ssia 
oil—cinnamic aldehyde; oil of bitter almonds—benzoic aldehv<le or ben- 
zaldehyde, etc.; 10 to 15 c.c. of the oil are shaken with warm sodium bisul¬ 
phite solution. The aldehyde goes into solution, and by measuring the 
oil not absorbed the percentage can be quickly calculated. By using a 
fia.sk with graduated nock and adding sufficient solution to bring the oil 
into the neck, the percentage can be instantly read. In some cases it 
iMJComcs necessary to further prove the identity of the aldehyde. 

Phenols. These arc estimated by a similar method as the aldehydes, 
using a 3 to 5 per cent solution of sodium or potassium hydrate in water. 
Oil of cloves is thus tested for percentage of eugenol. 

Acid Number. This is ascertained by titration and represents the 
number of milligrams of potassium hydroxide necessary to saturate the free 
acid in 1 gm. of oil. While the percentage found Ls usually small, repre¬ 
senting chiefly traces of formic and acetic acids present in many oils, it 
should be ascertained in order to deduct the amount in the following test. 
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Ester Test. This is ono of the most important tests in connection with 
essential oils, as so many of these owe their value to the percentage of 
certain esters present. About 2 gms. of the oil are dissolved in alcohol and 
cooked in a flask with reflux condenser with about 20 cc. of semi-normal 
potassium hydroxide solution for one hour. The number of milligrams of 
potossium hytlroxide required to neutralize the acid present in the form of 
esters in 1 gm. of oil as ascertained by titration, is called the ester number. 
From this the proportion of ester present can be easily figured. In the 
case of monobasic acids it is merely necessary to multiply the ester number 
by tlie molecular weiglit of the ester and div'idc by 560. For instance, in 
a sample of bergamot oil the ester number found is 100. Multiplying this 
by the molecular weight of linalyl acetate, (C 12 H 20 O 2 ) = 196, and dividing 
by 560 we get 35 per cent of ester. 

Alcohol Percentage. This is usually obtained after the free acid and 
ester number have been ascertained. About 10 gms. of the oil are boiled 
for one hour with 10 to 12 gms. of acetic anhydride and 2 gms. anhydrous 
sodium or potassium acetate, using a reflu.x cooler. The oil is then neutral¬ 
ized, washed, dried, and the ester number is found again by saponification, 
as in the previous paragraph. By deducting the acid and ester number, 
we get a figure which corresponds with the percentage of free alcohol which 
was present in the oil. The percentage may be easily calculated from the 
amount of acetyl ester formed in this process. This gives accurate results 
with primary alcohols like benzyl, phenylcthyl, cinnamyl, geraniol, etc., 
but only approximate data can be had with linalool and terpineol as these 
form esters only with difficulty and never quantitatively. 

With these methods most of the important constituents of oils may be 
determined. When a number of allied esters, alcohols or aldehydes are 
present their identification becomes very complicated and then requires 
y special processes, often very tedious and intricate in character, which task 
the skill of even an expert analyst. 

Modem Sophistication. Many items have been added to oils in recent 
years, specially selected so that the values shown on analysis would bo 
fictitious. A whole series of esters has been artificially produced for no 
other purpose than to serve as adulterants. The odorless ethyl oleate and 
the glyceryl esters of acetic acid are freely and openly offered by certain 
European chemical houses as “yen/ useful 'products, which are very widely 
used." They can serve no useful purpose, but to give bergamot, lavender, 
and other oils a fictitious ester value. Many of the modem sophistications 
arc exceedingly difficult to detect. For instance, while it has been well 
known for many years that the peasants in Bulgaria frequently sprinkle 
the rose petals before distillation with either geranium oil or geraniol, 
more dangerous adulterants have found their way into rose oil, for instance, 
mixtures of the alcohols geraniol and citronellol, normally present in the 
rose flower, made so skillfully that their detection in the finished product 
becomes almost an impossibility. Consequently, many of these oils are 
valued solely by their odor, when chemical tests fail. 
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Constitution of Perfume and Flavoring Materials. The complex 
nature of tho.se has only been properly studied in recent years. 

As organic chemistr>’ progros.sed and methods were found to idimtify 
and i.solate from the natural materials various constituents pre.^ent in 
them, it was foutui that ahucst without exception evert/ odorous tuaterial in 
nature is a compound. Quite frequently materials contain cliemical sul)- 
stances or individual cliemical Ixidics belonging to entirely different series 
and in no way related to each other. Some of these sub.stances are e.xtrernely 
sensitive to heat and chemical reagents, and therefore their isolation and 
identification present the greatest difficulties, but it is just this combination 
of different chemical individuals to which the fine oilor of almost all flowers, 
plants, an<l other materials is due. As a rule all of the definite chemical 
constituents, when used alone, give harsh odors. The delightful flowor>' 
aroma is only devolopcd when they are present in proper combination, as 
they exist in nature, or as the skill of the chemist may combine them. This 
has led to commercial synthesis of the finer flower products. 

Synthesis. Tlie collaboration of thousands of chemists throughout 
the world, for some years past, has made a new industry' possible, the 
industry of sjmthetic perfume and flavoring materials, which has corne to 
the a.ssistance of the manufacturer, by producing the sjimc substances at 
a saving in cost, and by overcoming the frequent price fluctuations of the 
natural materials, war conditions excepted. Many of the substances which 
naturally exist in the plants or materials may be manufactured chemically 
from other sources. Let us select one example, the jasmine flower, which 
Is BO invaluable to the perfumer. If we submit the so-called "absolute 
jasmine flower es.sence or concrete” to a further process of purification, to 
eliminate the inodorous constituents present in it, we finally obtain a jas¬ 
mine essence, which contains from 60 to 65 per cent of benzyl acetate. The 
absolute product containing this percentage, as made from the blossom, 
represents an actual expense of about $180 to $260 per pound, according 
to scjison. But we can obtain benzyl acetate chemically from an entirely 
different source at much less expense. If we take toluene (methyl benzene), 
one of the constituents of coal tar, and treat it with chlorine, we obtain 
benzyl chloride. If we now excliange the chlorine for the acetyl group, we 
get benzyl acetate, which when highly purified, is identical with the product 
as it exists in the flower, and is marketed absolutely pure at about one 
hundredth the cost. This not only represents an enormous siiving in the 
indu.stiy, but makes it possible to use raw materials frequently for various 
purposes, where the natural product was not heretofore available, owing 
to its high cost. But whUe this synthetic benzyl acetate is absolutely the 
same definite chemical body as found in the flower oU, it is not jasmine 
What we know as jasmine is nature’s combination of many different con¬ 
stituents and we do not get what we call a jasmine odor until we produce 
each of these constituents and assemble them in the right proportion. By 
suitably changing the proportion of these constituents we can obtain new 
odor effects, different shadings of the same flower odor. Flower oils are 
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usually exceedingly complex. Often more than one hundred different 
chemical bodies must be produced and assembled to duplicate an odor 
known as “a simple flower odor” because each of these bodies is present in 
the plant and we cannot get the same odor effects unless we unite the same 
constituent bodies. 

New Perfume Materials. A great many chemical substances have been 
found which have most delightful odors and flavors and which, te our best 
knowledge at the present time, do not exist in nature as such—at least, 
tfiey liave not been isolated from the natural materials. Many such sub¬ 
stances arc now commercially manufactured and have enriched the indus¬ 
try' with a variety of new raw materials, which enables the manufacturer 
to produce entindy new effects. Many years ago, when the industry was 
in its infancy and purification processes had not developed to the present 
state of perfection, the synthetic materials were merely used for the purpose 
of diluting and cheapening the more expensive natural products, but this 
has wholly changed during the last few years. The synthetic materials of 
today arc successfully utilized in goods of the highest grade, and many 
odor and flavor effects would be impossible without them. 

Purification Fh'ocesses. At the outset, we must emphasize, however, 
that quality is the foremost consideration in every perfume or flavoring 
material. Traces of by-products sometimes present, not large enough to 
be found by chemical tesks, will often seriously interfere with the odor and 
flavoring value. Modern science has made many methods available by 
which products may be purified by cither chemical or physical methods, 
so that we can obtain these bodies in a state of absolute purity. Among 
the chemical methods, we refer to the extraction of aldehydes or ketones 
by means of bisulphite, scmicarbazide, phcnylhydrazine and other reagents 
and the extraction of alcoholic bodies by means of the acid phthalic esters. 
As one of the most valuable methods of separation we mention the process 
of vacuum distillation, which has been greatly simplified and perfected 
during the last few years. ^lany of the most sensitive constituents of 
plant odors may be distilled unchanged at a very low vacuum. Scientific 
advances in engineering practice have so perfected vacuum pumps that 
substances can be distilled commercially by reducing the ordinary air 
pressure to an absolute pressure of from 1 to 4 mm. at which point a great 
many substances are distilled commercially without change which would 
be decomposed if distilled at ordinary pressure. Furthermore vacuum dis¬ 
tillation lowers the boiling-point enormously, in many cases more than 
100® C., thereby reducing heat changes to a minimum, and by carefully 
repeating the vacuum distillation several times, eliminating in each case 
the fractions containing the impurities, bodies may be produced in a state 
of almost absolute purity. 

Chemical Treatment. While steam distillation will continue as one 
of the popular processes of obtaining from some of the plants or crude 
materials the active principle, the steam-distilled oil can very often be 
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preatly improved by chemical treatment, comljined with a proper vacuum 
cli.'^tilhition procc.<.s. The natural oils contain many substances wluch are 
detrimental to the odor, and can readily !«• eliminated, in that way p;(>- 
ducing an article which has a higher perfume value and a much finer odor. 
As a practical illustration, let us for instance take Mexican linaloe oil, 
which has a rather harsh and crude odor, owing to the iminirities present 
in it. By chemical treatment and repeated vacuum distillations we can 
readily obtain from this oil the valuable terpene alcohol linalool, of which 
we will sjicak further on, a product that has a very fin<‘ flowery odor and 
can bo s;ifely used in even the highest grade products, where the normal 
essential oil would be entirely out of the c|uestion. 

Chemical Constitution. Among the many chemical bodies wfiich con¬ 
tribute their share to the odor or flavor of materials valued in the industry', 
wc find repre.sentatives of both the aliphatic or fatty series and the aromatic 
or benzene seric.s. The great majority consists of merely three elements, 
carbon, hydrogen and oxygen. A smaller numlwr of c()mpounds, some of 
which arc important, contain nitrogen—for instance, ilifferent vari(*ties 
of artificial musk and amido Ijodies, derivatives of the honzoic acid series, 
like methyl anthranilate, one of the most valuable constituents of orange 
flower and many other flower oils, and tlie methyl ester of methyl anthrani- 
lic acid or dimethyl anthranilate, which while present ii.sually only in 
traces, contribute greatly to the flowery sweetness of many of nature’s 
most valued blossoms. 

Chemical Methods of Production. The reader will doubtless be inter¬ 
ested in the chemical methods used in producing on a commercial scale, 
by .synthesis, the bodies which occur in nature. Tiiis, however, involves 
so many chemical procos.scs that the subject can only be briefly treated, 
ina.sniuch a.s all the methods of modem organic chemistr>' are utilized. It 
may bo sjiid for the information of the student that many of the reactions 
commercially utilized are exceedingly complex, because the substances in 
most instances have to be built up gradually and the intermediary' products 
purified, so that it often reriuires weeks and months of work to perfect one 
of the chemical bodies to which a particular flower owes part of its odor. 
In considering the best known constituents which find commercial applica¬ 
tion, we shall in a few instances, by way of illustration, mention the process 
used in their manufacture. 

Stability. After producing and purifjdng the various constituents 
comes the equally important problem of assembling them in the right pro¬ 
portion, 80 that they will not only impart the exact odor of the blossom, 
but wUl prove commercially stable. Many of these bodies cannot be pre-' 
served as individuals—they either oxidize or resinify on exposure to air or 
light or are condensed into high polymers, which arc odorless, therefore 
of no value and often insoluble in the common solvents. As an instance, let 
us consider styrol or styrene, which in traces, helps to give life to many 
flower oils, yet which is of no value alone, as it changes veiy quickly into 
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mota-styrcnc, a glassy, hom-likc inodorous body, insoluble in alcohol, oils, 
and all ordinary solvents. StjTol is interesting, as it is one of the few 
hydrocarbons of value to the industry, having the chemical formula 
CgH.^CH ; CHa- Berthelot isolated this product from coal tar in 1864, Von 
Miller from storax, but it remained merely a chemical curiosity, and had 
not found commercial application until recently, as it was discovered that 
it would change readily on standing, even when kept in the dark and in 
scaled tubes, consequently it must be added to Bower oils while perfectly 
fresh as soon as produced in order to preserve its odor value. Even when 
kept over night it will often poljTncrize almost completely. Hence styrol 
is a good example of a large class of substances, which when added to per¬ 
fume oils in very small proportion produce a natural freshness, yet which 
cannot be marketed by themselves, owing to their instability, in the undi¬ 
luted form. 

Commercial Synthesis. The student of industrial chemistry must 
always keep before him the question—“Is a process feasible—can it be 
commercially applied?” Owing to statements that have found their way 
into print during the last decade, many chemists have an idea that by 
duplicating a few of the major constituents of an odor, they can produce 
the same effect; but this is false. How often has the author been approached 
by a student, and sometimes by chemists that have followed organic chem¬ 
istry for many years, who have expressed their disappointment that, for 
instance, tcrpineol would not produce a lilac perfume, or that benzyl acetate 
would not produce a jasmine. Here we must remember the complex con¬ 
stitution of materials produced in nature’s laboratory. Take for Instance 
benzyl acetate, the item last mentioned—it is well known that in plants, 
where esters of the acetic acid series exist, esters of allied acids will also be 
present, though in smaller proportion, and, as a rule, we find a mixture of 
the formates, the acetates, the propionates and sometimes traces of even 
the higher acid esters in combination with the particular alcohol. Then 
the alcohol itself, as a rule, does not exist alone. As an illustration, we 
mention bergamot, which popularly has been supposed to contain only 
linalyl acetate as the active constituent, until recently, when it was con¬ 
clusively proven that not only the esters of linalool, but of several of the 
allied terpene alcohols, are present in varying proportion, and unless the 
chemist who desires to apply synthesis commercially, produces all these 
different compounds and combines them in approximately the proportions 
in which nature combines them in the plant, he cannot hope to compete 
with the products made from the blossom, flower or fruit. 

Effect of Minute Traces of Compotmds. Scientific investigation has 
shown that the finest and most valuable odors in nature are exceedingly 
complex. We may find that four or six or ten constituents are present in 
appreciable proportion, and yet if we combine these the product does not 
satisfy. The reason is easily perceived—we have ignored the traces of 
substances present, which sometimes are infinitesimal, but which have 
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such a powerful odor that their addition immediately changes a harsh¬ 
smelling compound into a most delicate and flower>' product tliat cati be 
utihzcd in goods of the highest grade. The higher fatty aldehydes and 
alcohols, the use of which is but little understood by the average manu¬ 
facturer of today, will ser\'c as an example. Sometimes two or three drops 
of one of these substances to the gallon is .sufficient to crt*atc that life-like 
touch, or to bring out the charm of the blossom odor to perfection. Some 
of tlie most charming plant and flower odors have not as yet been duplicated 
s>Tithotically, but chemists all over the world are working on these prol>- 
lems. In the course of time, all of the odors \Nill be available, but it must 
be remembered by the student that he should not be discouraged if he docs 
not get results immediately. It often reejuires years of painstaking study, 
in order to a.scertain the proportions of individual constituents that will 
prove of the greatest value and in many ca.<es from eighty to one hundred 
and even more of these constituents are present in a single flower product, 
although some of them may be present in traces only. 

Odor Groups. A great deal has been written about certain odor 
groups, so called, which are suppo.'^ed to give definite value when present 
in a chemical compound. Among these have been mentioned the phenol 
group OH, the ketone group CO, the aldehyde group CII<J, the primary 
alcohol group CH 2 OH, or the alkyl radicle.s, as for instance tlie methyl 
group CH;{, the ethyl group C 2 H 5 and others higher in the series. This is 
however mere speculation, notwithstanding statements inaile to the con¬ 
trary. Wc should confess that we know very little as yet as to why and 
under what conditions these groups produce such decided changes in the 
odor or flavor of a substance, because wc have many representative exam¬ 
ples, where individual chemical bodies contain either one or several of these 
group.s and yet have practically no odor or flavor. Consec|uentIy, wc must 
disagree with the puhlLshed statements that tlicre is such a tiling as advance 
estimation of a product by knowing its chemical fonnula. Wo do know 
that sometimes the slightest change in a formula converts a highly odorifer¬ 
ous substance into one that is odorless, and vice vcrsji, but we do not know 
enough about the subject to formulate any theories. In this connection 
it will be interesting to note that with products belonging to the benzene 
series, the grouping of the different radicles on the ring, often produces 
important differences in the physical constants of the chemical body. For 
instance, let us mention as a typical example, ortho-oxy-benzaldehydc. 

CHO 


Orth<w>ry«hcn<a(<Jehydo (CiIIcOi) 

(salicylic Alcl^yde) 

Here we have the phenol group OH and the aldehyde group CHO 
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adjacent to each other on the benzene ring. It is an oil which has a very 
powerful odor, is found in traces in many plants, and serves as a raw mate¬ 
rial for building up by synthesis other compounds which are valuable. 

Let us compare this with the isomeric para-oxy-bcnzaldehyde, which 
has exactly the same formula, only here the phenol group is in the para 


COH 

HCr^CH 

HCv^CH 

^CHO 

rArAM>iy*bcnift)dchydc {CrlleOj) 


position that is, opposite to the aldehyde group on the benzene ring* 
This is a practically odorless white solid, having a melting-point of 116® C. 
This shows that the theory of odoriferous groups works very well on paper, 
but does not apply in practice, because here we have a substance that con¬ 
tains two of these so-called odoriferous groups, yet this substance has 
practically no odor, although it can serve as a basis for building up other 
products by synthesis, as explained further on. 

Chemical Groups of Most Importance. If we briefly review the chem¬ 
ical groups of substances which are of most value to the industry, we may 
mention aldehydes, ketones, phenols, phenolic ethers, alcohols and esters. 
Esters especially—that is, combinations of alcohols with acids, arc fre¬ 
quently of great value as constituents of some of the best-known odors 
and flavors. The acids alone are usually of but little importance. In ester 
form, however, when combined with the various alcohols, they are among 
the most useful constituents known. This brings us to one aspect of the 
case, which is of special importance to the chemist who studies for industrial 
purposes. 

Industrial Application. In a great many instances the user of a per¬ 
fume or flavoring material does not consider the chemical changes or 
influences against which it may have to contend. All esters are sensitive 
to alkalies, and yet the writer has seen innumerable instances, when, 
thoughtlessly, perfume materials or flavoring materials that owe their 
entire value to esters have been used in combination with alkalies, which 
will saponify the ester in a very short time, and the odor will of course 
disappear. This illustrates the importance of having the student become 
acquainted with the individual constituents of either odors or flavors, so 
that he may use them intelligently and will not employ a product that will 
decompose under the influences with which it may have to contend and so 
that the odor or flavor may endure. This will also show that care is neces¬ 
sary in selecting an individual material for a certain purpose, to be sure 
that it will answer and that it will not be destroyed. When we remember 
that either odoriferous or flavoring materials are used in small proportion 
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only, \vc realize all the more that chemical incompat-ability must be avoided 
by all means, if we wish to produce an article tliat will give s:itisfaction. 

New Flower Perfumes. Organic syntliesis has likewi.se nuide many 
other flower odors commercially available, which in most instances have 
not been produced from the flower on a commercial scale. Among the 
most successful we may mention tin* flow(‘r oils of trailing arbutus or may- 
flower, cyclamen, honey^^uckle, locust blossom, magnolia, sweet-pea, phIo.\, 
peony, wallflower, clematis and many tropical orchids. 

Tliese are merely a few of the succos.se.s of organic chemi.'<fr>' which ha.s 
supplied materials that have not been commercially made from the plants. 
Many others are manufactured which can also bo made from the flowers, 
but are so produced only to a limited extent, as for instance, carnation 
pink, hyacinth, lilac, and mimosa. 

New Odor Effects. While di.scussing the subject of recent advanco.s 
in this field, we must not overlook the many odor effect.s, made possible 
by chemical research, which has placed entirely new substances at the <lis- 
pos.al of the modern manufacturer and has created new perfume eflfects so 
welcome to the public, always clamoring for something novel. The fol¬ 
lowing arc some of the most important substances entering into synthetic 
oiLs and perfumes. 

Phenylethyl Alcohol and its Derivatives. Phonylethyl alcohol, 
CaH,'iCH 2 CH 20 H, and some of its derivatives arc present in roses and 
many otln r flowers. The alcohol itself h.as a faint flowery odor. It forms 
nearly 00 per cent of the rose extract blossom oil. Some of its esters arc 
very valuable, the acetate and formate having a decidedly fruity char¬ 
acter which imparts freshness to blossom oils containing those esters. The 
l)enzoate gives a ver>' pleasant odor and also acts as a fixative. Phcnyl- 
cthyl phcnylacetate has a very sweet odor, rcrnintling one of roses and 
hy.'icinths, and owing to its high boiling-point is a very valuable fixative. 
Phenylethyl propionate also has a fruity character, yet is very flowery 
when used in traces. 

Phenylacetic Acid Esters. The allied phenylacotic acid has a disagree¬ 
able odor (compared by many to a stable odor), but some of its esters are 
valuable, both as perfumes and flavors. The ethyl, methyl, arnyl, benzyl 
and phonylethyl esters arc mostly used. The ethyl and methyl esters give 
a very sweet, honey-like fragrance when used in minute proportion. The 
amyl and benzyl esters have a very flowery character. We find the phonyl¬ 
ethyl or phenylacetic group very widely distributed in many different 
blos-soms, only different derivatives and different proportions are present 
in each flower. 

Phenylacetic Aldehyde and Hyacinth Oils. The allied phenylacetic 
aldehyde, C 0 H 6 CH 2 CHO, is a thin, limpid liquid when frcslily distilled, 
becoming syrupy very quickly, and has a very strong and pungent hyacintli 
odor; it is usually marketed as jacinthe. Unfortunately it is very unstable 
and changes quickly into polymers on standing. Hence, a solution in 
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benzyl benzoate or some similar solvent is to be preferred. Commer¬ 
cial brands often contain the cheaper benzaldehydc. Brom styrene, 
Cc.H.'iC’H : CHBr, also has a strong hyacinth-like odor. Hyacinth blossom 
oil contains also a number of other constituents. 

Hydratropic Aldehyde. The instability of phenylacetic aldehyde, 
which has such a sweet odor, prompt<‘d research work to find some deriv¬ 
ative which would have a similar odor but would keep unchanged. 
Among the many derivatives made, phenylmcthylacetic aldehyde, 
CoH.-.CH-CHa-CHO, or hydratropic aldehyde, was found to be perfectly 
stable. This differs from phenylacetic aldehyde only in so far as one hydro¬ 
gen is replaced by the methyl group. It has a very fine and pungent flower 
odor, which, however, is much stronger than phenylacetic aldehyde. By 
condensing benzene with any halogen derivative of isopropyl-alcohol, 
replacing the OH of the alcohol by a halogen, by the usual method, iso¬ 
propyl-benzene is obtained. After properly purifying the resulting product, 
we obtain hydratropic aldehyde by o.xidation. A number of its derivatives 
arc likewise of importance. For instance, the methyl derivative, readily 
obtained by using toluene instead of benzene in the above process, has an 
even stronger and more pungent odor,—in fact, it is so powerful that the 
odor is disagreeable when concentrated, but minute traces of it produce 
very pleasing results in blossom oils. 

Cinnamyl Alcohol and Cinnamic Acid Esters. While speaking of 
materials that have a hyacinth-like odor, we must not overlook cinnamic 
alcohol, CgHsCH : CHCH2OH, which imparts a very sweet and flowery, 
though mild, perfume. This alcohol is one of the constituents of gum 
storax, and is present in it as such, as well as in ester form in combination 
with cinnamic acid, CgHsCH : CHCOOH, as cinnamyl cinnamate, a prac¬ 
tically odorless white solid, and also in combination chemically with some 
of the acid resins of the gum. While cinnamic acid has practically no odor 
value, its esters arc of value, as they give a fruity effect when used in small 
proportion and they are present in many flower oils. The methyl, ethyl, 
and amyl esters are the most valuable from the odor standpoint, the first 
two also being used in the flavoring industry. When used in traces they 
assist in duplicating some of the fine fruit flavors of nature. The benzyl 
ester, benzyl cinnamate, we have already mentioned as a good fixative, 
although it has very little odor. Phenylpropyl alcohol or hydro cinnamic 
alcohol, C0H5CH2CH2CH2OH, and some of its esters, are also present in 
some flower oils. 

Benzyl Alcohol and its Esters. In many of the perfume flowers we find 
either benzyl alcohol, CcHfiCH 20 H, or its esters, which are most widely 
distributed throughout nature. Benzyl acetate, accompanied by the for¬ 
mate and propionate, is an invaluable constituent in jasmine, of which 
indeed these esters form the bulk. The same compounds may also be 
found in tuberose, ylang ylang, and many other of the finest blossom oils. 
Benzyl alcohol is easily prepared. By chlorinating toluene we form benzyl 
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chloride, and hy cxchanRinR the chlorine for either the hydroxyl group 
or for one of the acid radicals, we may obtain at will either tlie alcoliol or 
any of itsS esters. Any of these esters may also be made from the alcohol, 
and some of tliem are so prepared by condonsittion in the usual way. 
Benzyl acetate has a ver>' fnnty odor, and has found favor itself ;is a soap 
perfume, in combination with other materials. Ahme it is too fleeting, 
and h;is a somewliat pungent and liarsh odor. C’ommercial brands are 
often very impure. Benzyl formate and benzyl propionate give a totally 
different odor effect from the acetate. It therefore can readily be seen why 
flowers that contain a mixture of the three esters will have en entirely dif¬ 
ferent odor from either one alone. On the other hand, benzyl benzoate, 
the benzoic aci<l ester of benzyl alcohol, has only a slight odor, but i.s a 
normal constituent of many natural blossom oils ami i.s highly valued as a 
solvent and fixative. It is extensively used for di.s.solvinjJ artificial musk 
cry.staLs. While it requires about 12 to 14 pints of spirit to dissolve an 
ounce of artificial musk, thi.s amount is freely soluble in 4 ounces of benzyl 
benzoate on warming, and may then be mixed with other oils in any desired 
proportion. Benzyl benzoate also has been used to some extent as a fixative 
in flavors, as it makes the more volatile flavors permanent, especially in 
cases where the flavor has to stand prolonged heating, :is in the confec¬ 
tionery industry, in making chewing-gum, and for other commercial 
applications. 

Benzoic Acid Esters and Allied Derivatives. UHiile the benzyl ester 
of benzoic acid has little odor, the methyl, ethyl, isobutyl, and amyl esters 
of benzoic acid, CjiH^COOH, have powerful odors. The methyl ester is 
used extensively in the soap industry under the name Oil of Niobe. The 
ethyl ester is used more often :is a flavor, and when properly employed 
imparts characteristic freshness to many fine fruit oils. Some of the deriv¬ 
atives of benzoic acid are very important. For instance, ortho-amido- 
bcnzoic acid, C* 5 H 4 (NH 2 )COOH, which has the siiine formula as benzoic 
acid, excepting that one hytlrogen in the ortho position to the carbo.xyl 
group is replaced by NH 2 , is the parent substance for both methyl anthrani- 
late and dimethyl anthranilate. Methyl anthranilate is the methyl ester 
of ortho-amido-bcnzoic acid or anthranilic acid. It is responsible to a 
great extent for the delightful odor of the orange blossom, and clearly shows 
the inferiority of the steam-di.stilled ncroli oil, compared with the orange- 
flower products made by enfleurage or by synthesis. Comniercial products 
often contain aniline and other bases; only the perfectly pure ester has a 
fine flower odor. It forms white crystals, melting at 24° C. Its solutions, 
even when very dilute, are highly fluorescent. The distilled oil usually 
contains less than 1 per cent of this ester while the flower product proper 
contains up to 15 per cent. Even in great dilution its odor value is con¬ 
siderable, and it is more widely distributed than has been commonly recog¬ 
nized; traces of it have been found in many blossoms, while jasmine, tuber¬ 
ose, ylang ylang, and other fine flower oils contain appreciable amounts. 
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If wo .substitute a methyl group in ainido benzoic acid, we obtain 
inothyl-amido-benzoic acid and the methyl ester of this, or dimethyl 
antliranilate is likewise very valuable. It has a sweet odor in great dilu¬ 
tion, which iinpartvS fragrance to many blossom oils. 

Linalool. Linalool is a terpone alcohol of high importance in the 
industiy. It has the chemical formula GioHisO, and is widely distributed 
in nature. Mexican oil of linaloe is the principal commercial source of 
linalool. as this oil contains from 60 to 85 per cent. The oil itself has a 
crude odor, owing to impurities, but by proper physical and chemical 
methods the alcohol may be separated in ver>' pure fonn. The so-called 
oil of female rosewood distilled in British and French Guiana contains a 
larger proportion of linalool and has a sweeter odor itself, but the terpene 
alcohol .separated from it, when properlj' purified, is in no way superior 
to the Mexican product, provided care has been taken to eliminate 
all impuritie.s. Linalool also exists in several isomeric modifica¬ 
tions differing somewhat in odor. Oil of coriander contains about 65 
per cent. 

Naphthol Ethers. It is curious to note that organic chemistry has also 
produced an ether of a phenol, a direct derivative of naphthalene, which 
has an otlor .somewhat similar to orange flower, and it is so powerful that 
the material can only be u.sed in minimal amounts. While the odor is not 
equal to the flower, it is cheap and so strong that quantities of this ether 
are used in soap-making and in the cheaper grades of cologne. This is the 
ethyl ether of beta-naphthol, which may readily be derived from naph¬ 
thalene. Beta-naphthol condenses very easily with ethyl alcohol and the 
resulting white or yellowish white crystals, melting at 37° C., are known 
as bromelia or neroline, CioH7-0-C2H5. The latter name, however, has 
been indiscriminately applied both to the ethyl and methyl ether of beta- 
naphthol. *1 he methyl ether is known as yara, has an even more powerful 
odor, but reminds one somewhat of acacia blossoms rather than orange 
flowers and has a higher melting-point—that is, 70° C. Its odor is dis¬ 
agreeable to many people, owing to its excessive strength and because 
it is often employed in far too large proportions. In soaps both these 
ethers may be used in the proportion of from J to ^ ounce to 100 lbs., 
always in combination with other perfume materials. Neither of these 
ethers has been found in nature, and this is an instance where products 
totally differing in chemical composition have a similar odor, as in the 
case of natural and artificial musk, which are not related chemically. 

Phenol Ethers and AUied Bodies. Another illustration that carbon 
compounds having a totally different structure may resemble each other 

CoHsv 

m odor is supplied by di-phenyl oxide ^O. This ether of phenol has 

CoHs' 

a very powerful odor somewhat similar to geranium. As it is made from 
phenol by condensing two molecules with the loss of H 2 O, or by replacing 



ESSENTIAL OILS, PERFUMES. FLAVORING MATERIALS. ETC. 10S7 


the hydroRcu in (he hydroxj'l group of phenol with the benzene ring, it 
often ha.s a carbolic by-r)(l()r due to insufficient purification. (.)nly the 
chemically pure ether, free from all traces of by-<Klor, should be employed. 
Another boiiy which recalls the odor of geraniutn is diphenyl metljune, 

CoH,. 

^CUs. It can be readily made from benzyl chloride by replacing 
CgHs^ 

the chlorine with the benzene ring. \Mien absolutelj’ pure it has .a 
very strong and quite sweet odor. Para-cre.sol or para methyl phenol, 

has been found in traces in several of the fine blos.som oils, 
and it.s methyl ether, methyl para-cre.sol, C..IIt(Cn;0O-CH;i, is the body to 
which oil of ylang, one of our sweetest flower oils, owes its character¬ 
istic odor. 

Acetophenone and its Derivatives. Among aromatic suhstnnees 
having a flowery odor, we must not overlook pheriylmethyl ketone, 
C 0 H 2 ‘CO - CH.-j, known also under the name f)f acetophenone and hypnone, 
the last name being due to the fact that some years ago it was us<‘d in 
medicine as a hypnotic. It is a product particularly valuable* in soaps, 
as it Ls stable against alkalies under all circumstances. Its delightful 
flower-like odor and pungency make it a valuable addition in combina¬ 
tions where proprietarj' effects arc desired. A clo.so chemical relative of 
this substance is para-methyl-acetophenone, having the sjime formula but 
with an additional CH.i group in the para position to the ketone group 
Ct), (C(jHi{CH:()■CO-CHa). In commerce this is usually called melilot, 
although many fancy names have been used. It imparts the lioney-like 
fragrance of sweet clover and gives very similar effects to coumarino, 
the active* principle of the tonka bean. As it is about five times as power¬ 
ful in odor a.s coumarine it is one of the most economieal perfuinerj' sub- 
stancc.s known. In soaps it is invaluable as it is likewise absolutely 
stable against alkalies. Methyl melilot or di-methyl acetophenone, 
CoH:j(CH 3)2COCH.3, recalls the odor of melilot, hut is still sweeter and 
much finer in character. Other more complicated chemical derivatives 
of these substances are also used. 

Salicylic Acid Esters. Wc have just considered melilot as imparting 
a sweet clover fragrance. The red clover 1ms an odor of its own. One of 
the main constituents used in duplicating this is a synthetic body, first 
made in the laboratory and long marketed under various names, as 
orchidee, sanfoin, etc. This is the iso-amyl ester of siilicylic acid or ortho- 
oxy-bonzoic acid, CoH 4 (OH)COOC 6 Hii. It hjus about the same relation 
to trefle or orchid perfumes as benzyl acetate has to jasmine, tlmt is, 
while present in large proportion, its odor is influenced and totally changed 
by some of the other constituents previously described. Iso-butyl-salicy- 
latc has a similar odor and is known under the name of orchidone. Trcfle- 
flower oils are built by synthesis from these and other esters in much the 
same way as jasmine oils are produced with the help of benzyl acetate 
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or roso oils with the assistance of the terpene alcohols. Trefle odors have 
become ver>’’ popular and are also used extensively in toilet soaps. 

Beii 2 ylidineacetone. This conden.sation product of benzaldehyde and 
acetone, benzylidineacetone, C0H5CHCH CO CH3, or cinnamyl methyl 
ketone, has a very powerful odor, reminding of coumarine; hence, it has 
been marketed as coumarol and under similar fancy names. It is stable 
against alkalies and is used as a soap perfume. But it is exceedingly 
irritating to the skin, and should therefore be used in only very small 
proportion and never as a constituent of perfumes employed in creams 
or toilet lotions. 

Linalyl Acetate. This is one of the most important perfume esters. 
It is prepared extensively by synthesis from linalool. As it forms 
the main odoriferous constituent of oil of bergamot, linalyl acetate, 
Ci-iH-ioOa, replaces this to advantage, owing to its lower cost, as 1 lb. of 
80 per cent ester is equivalent to over 2 lbs. of bergamot oil. Much of 
the commercial linalyl acetate is impure and often contains other esters, 
principally impure tcrpineol acetate. ^Vhen pure it has a very fragrant 
odor. It is present in many blossom oils, which indicates its usefulness. 
It forms part of the odor value of the oils of orange flowers, jasmine, gar¬ 
denia, ylang ylang, lavender, etc. 

Synthetic Aldehydes and Alcohols. This brings us to the subject of 
the synthetic fatty aldehydes and alcohols, which are of use in perfumery 
and flavors. The lower fatty aldehydes and alcohols, containing less than 
seven carbon atoms to the molecule, arc not useful constituents, the 
C3, C4, Cs and Co aldehydes having a very disagreeable odor. Our 
interest begins with heptoic aldehyde, C7H14O, and heptoic alcohol, 
C7H10O. Both of these may be made from castor oil commercially 
and have an exceedingly disagreeable odor while impure, but the pure 
products when used in traces often prove of high value. Then we come 
to the eight-carbon atom molecule, octoic alcohol, CsHisO, and octoic 
aldehyde, CsHicO, both of considerable importance in perfumery. They 
are present in many of our most valued flower oils, but in inflnitcsimal 
proportion. Yet if both of these are utilized indiscriminately in larger 
quantities the result will be failure, because while concentrated both 
have a disagreeable odor. Almost the same thing may be said of nonoic 
aldehyde, CoHisO, and nonoic alcohol, C0H20O, both of which are extremely 
valuable when used in traces, yet when employed in to olarge a propor¬ 
tion the odor effect is entirely out of harmony and spoils the product. 
Decoic aldehyde, C10H20O, and decoic alcohol, C10H22O, are of the same 
importance. As stated, decoic aldehyde is one of the bodies to which 
orange oil owes its main flavor and odor value. It is a magnifleent product 
when properly used. Decoic alcohol likewise proves of service in many 
instances, but if used in excess the effect will be disagreeable. 

Duodecoic alcohol, C12H20O, and duodecoic aldehyde, C12H24O, serve 
the same purpose. In traces they are valuable. Some instances have 
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appeared in print where duodocoic aldehyde has been recommended for 
sweetening ionone and for producing flowery effects when used in the 
proportion of 10 per cent. Any manufacturer who employs the product 
in that proportion will be disappointed, because if he uses pure material 
he will find that a mere trace is all that is required—more than that will 
entirely spoil the product. The Cn, Cis and Cj-j allied aldehydes and 
alcohols are also valuable when used in traces only. 

Terpineol and Derivatives. Turpentine may be hydrated, forming 
terpene hydrate, which in turn, by treatment with acids, may be converted 
into terpineol. This is a terpene alcohol which exists in many of the finest 
flower oils, though in numerous modifications, widely varying in physical 
properties, optical rotation, boiling-point and melting-point and differing 
just as widely in odor. The common terpineol, much used as a soap scent 
is a synipy oil looking like glycerine. Purified products arc also marketed 
and arc invaluable in fine perfumery. (Terpineol Blanc, Muguet, Muguet 
Blanc, Muguet Ideal, etc.) Isomeric modifications of terpineol arc present 
in lilac, ttjberosc, mimosa, ylang ylang, lily of the valley, and many other 
exqui.site flower oils. 

Future Advances of Science. Much as science has advanced in the last 
few decades we must appreciate that organic chemi.stry is still in its begin¬ 
ning. We have learned a great deal. We have found, isolated, and repro¬ 
duced many of the constituents present in plants, but, like the students of 
biology before powerful microscopes became available, we wander among 
undreamed-of wonders. Let all students interested in industrial chem¬ 
istry remember that every successful advance of the future must be founded 
on Science. Let us all assist in building the structure, willingly giving 
our best toward the ultimate success, even if our individual efforts may 
be forgotten!in years to come. 
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RESINS, GUMS, AND TURPENTINE 

Source. These products are all derived from exudations of plants 
and as a nilc are oxygenated bodies. When mixed with certain percent¬ 
ages of the natural essential oil accompanying them, they are known as 
oleo-resins or balsams. If mixed with mucilaginous matter the}' are harder 
and known as gum-resins. Gums are amorphous bodies which either dis¬ 
solve in or gelatinize with water, but they are insoluble in alcohol. True 
ro.sins arc distinguished from gums in that they are all insoluble in water, 
free from odor or taste, form compact masses, and are usually of an aldc- 
hydic or acid nature. Fossil resins arc generally found in the earth in the 
form of irregular lumps, often containing perfect specimens of fossil insects 
and leaves. 

Amber. Amber is a fossil resin occurring as small masses in alluvial 
deposits in various parks of the world. According to Goefert it represents 
the resinous exudation from about fifty different kinds of coniferous trees. 
It is found chiefly in Prussia along the shores of the Baltic where it is 
thrown up by storms; or in some localities it is even mined. Large deposits 
also occur in some of the lakes on the eastern coast of Courland. Small 
deposits have been found in New Jersey and Maryland but not of sufficient 
magnitude to be of commercial importance. The largest single mass of 
amber ever reported weighed 13 lbs. It is usually associated with lignite 
and often contains the fossil remains of insects and vegetation. 

Amber is a brittle solid, permanent in the air, and susceptible to a very 
high polish. By application of friction it becomes negatively electrified. 
Its color is usually from light to deep brownish yellow, although some¬ 
times a reddish brown or bluish. Tasteless and odorless when cold, it gives 
off a peculiar aromatic odor when heated. It is generally translucent, 
though sometimes transparent or opaque. Water or alcohol have little 
effect on it. When heated in the air, H softens and finally melts at 286® C., 
which property makes it of value in the manufacture of varnish. From 
its distillation several products result, among them succinic acid, esters, 
and oil of amber. Amber is used in making high-grade varnish, as well 
as extensively in the manufacture of tobacco pipe stems and articles used 
for ornamental purposes. 

Anim6. The substance known as gum animi is a. resin supposed to be 
derived from the Hymencea courbaril, a leguminous tree of South America. 
The resin exudes from wounds in the bark and is also found under ground 
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bctwoon tho principal roots. It- oconi*s in small irro^ilar piooos f>f a palo 
yellow color, sometitnos of redcli.*^!! cast. It softens in tho month, ami when 
in a powdon,' condition adluTos to tho fingers. It- n'ailily molts on hoing 
heated, giving off an agrooahlo otlor. It consists of a small amount, of 
vrilatilo oil ami two rosins, one hoing soluhh* in crild alcolujl and tho other 
insoluhlo. Anime was formerly usoil to <iuito an extent in tlio proiiaratiou 
of ointments and pla.stors; hut at present is only employed as incense or 
in the manufacture of varnish. 


Burgundy Pitch. When incisions arc made in the Norway Sfintce a 
sap exudes, which is collected in small troughs, or holes dug at the foot of 
the tree. It is purified by filtering through straw ami allowed to harden, 
subsequently being boiletl with water to remove the volatile oil. 

Copal. This is a resinous substance derived from the exudation of 
several varieties of trees iiuligenous to the Kast Imlies and South .\meriea, 
as well as parts c)f Africa, th<' Philippine Islands, ami other places. The 
gum is sometimes taken directly from deposits on the tree or is fouml iinbed- 
ded in tho earth. That variety of copal known in commerce as (htm Zan¬ 
zibar is found usually under ground. Another variety with indented goose- 
flesh surface, known in the English market as animt*, is <lug from tho 


earth. 

Copal varies in appearance and properties, depending upon the source 
from which it is deriv<‘d. It appears in roundish, irregular, or flatti.*»h 
pieces, often with a rough indented surface due to sand impressions while 
it was in a soft ctjiidition. In color it ranges from colorless to yellowish 
brown; it is more or less transparent, very hard, odorless, tasteless, ami 
has a specific gravity of from 1.045 to l.KiO. It is insoluhlo in alcohol, 
partly soluble in ether, and slightly soluble in oil of turpentine. When 
heated it melts, giving off gases to the amount of 15 to 20 per cent of its 
weight. Its propcHics arc changed by this treatment so that it becomes 
more soluble in alcohol, ether, and oil of turpentine. This charactcri.stic 
renders it, like other resins, suitable for the preparation of varnish. 

Dammar. This is a resin which exudes in drops from a coniferous tree, 
Agathiti loranthifolia, and is collected after it dries. It is soluble in essen¬ 
tial oils, in benzol, and to a slight degree in alcohol and ether. Owing to 
its light color and ready solubility in turpentine, it finds extensive applica¬ 
tion in the manufacture of liglit-colored transparent varnishes. 

Dragon’s Blood. This is a resinous substance obbiined from the fruit 
of several species of small palms growing in Siam, the Molucca Islands, 
and other parts of the East Indies. An exudation appears on the surface 
of the ripe fruit, which is separated by rubbing, by shaking in n bag, by 
exposing to steam, or by decoction. The finest product results from tlic 
first two methods. It comes on the market in two forms: either as small 
oval drops (tear dragon’s blood) covered with the leaves of the plant and 
connected in a row like beads; or in cylindrical sticks 18 ins. long and about 
4 in. in diameter, covered with palm leaves and bound with slender strips 
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of cano. An inferior product, prepared by boiling the fruit in water, is in 
tlic form of flat circular cakes {cake dragon's blood). 

Dragon's blood is odorless, tasteless, insoluble in water, but soluble in 
alcohol and ether, also soluble in the volatile and fixed oils, forming red 
solutions. Its principal use is in the coloring of varnish. 

Elemi. This resin is obtained by making incisions into the trees, 
through which the juice flows and concentrates on the bark. Elemi comes 
on the market cither as soft Manila elemi or hard Brazilian elemi, being of 
various colors from light yellow to greenish white. It is soluble in alcohol 
and other solvents, its chief use being to impart toughness to varnishes 
made from harder resins. 

Guaiacum. This resin is the concrete juice of the tree Guaiacum 
sancium, obtained by several different methods. The simplest method 
is that of spontaneous exudation, or by making incisions in the trunk. 
Another method is to saw the wood into blocks, bore holes in them longi¬ 
tudinally, place one end of the block in the fire and collect the melted 
resin which flows out at the opposite end. The usual plan, however, is to 
boil the chips and sawdust with a solution of common salt and skim off 
the substance rising to the surface. Guaiac appears in the market as 
irregular lumps often mixed with small fragments of bark and sand. The 
purest form comes in small lumps, “/ears,” which result from natural or 
induced exudation. 

Kauri. This is an amber-like resin, varying from light cream to brown¬ 
ish yellow in color. It is the result of exudation from the tree Agathis 
axistralis, and is dug in large quantities from the ground in New Zealand. 
It is used very extensively in vamish-making, and, like copal, must be 
first heated or “run” before it becomes soluble in oils. 

Mastic. This is a resinous exudation from the Pislacia leniiscus, a tree 
cultivated in the Grecian Archipelago. Incisions arc made in the trunk 
and largo branches, from which the juice on exuding either hardens on the 
bark in tears of drops to the ground, where it is caught on cloths. It is of 
a light yellow color and nearly odorless. It is soluble in alcohol up to about 
90 per cent, and is used to quite an extent in the preparation of spirit 
varnish. 

Sandarac. This resin resembles mastic very closely and comes on the 
market in the form of tears. It is more soluble in alcohol, however, and is 
employed largely in the preparation of transparent varnish. 

Oleo Resins. The most Important members of this class are Benzoin, 
Pera, Tolu, and Storax. They are all mixtures of resins with essential oils, and 
consequently have a much softer consistency than the resins. They are 
used especially in pharmacy, and, since they have practically no industrial 
application, will not be considered in detail in this chapter. 

Gum Resins. The more important membem of this class are Ammonia- 
cum, Asafastida, Euphorbium, GdUbanum, Gamboge, and Myrt'h. They are 
mixtures of gums and resins, form emulsions with water, and are all largely 
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used in pharmacy, gamboge being also employed as an orange red 
pigment. 

Acacia. Botli Gum Arabic and Gum Senegal are included under this 
head, as they are derived from planbs of the aeaeia family usually found in 
Africa. It forms lumps of various sizes with color ranging from white to 
reddish brown. It is soluble in both cold and hot water and is used in the 
preparation of emulsions, in thickening ink, in water-colors, textik^-printing, 
sizing cloth, and in the preparation of mucilage. 

Agar-Agar. This is also known as Bengal ls\ngla.-<^ and Japan Ininglasn. 
It is derived from certain algae from which it is obtained by boiling in 
water. It comes on the market as long white masses. It is used as a sizing 
for cloth and as a culture medium for bacteria. 

Iceland Moss and Irish Moss. These arc derived from a form of sea¬ 
weed which, on Ijoiling with water, forms a jelly much used in the textile 
and leather industries as w<*ll as for edible purposes. 

Tragacanth. This is a gummy exudation from Astragalus gummifer. 
It is odorless, nearly tasteless, and of a ver>' light yellowish to white color. 
It usually comes into the trade in a flaky condition. Placed in water it 
absorbs a certain amount and sw’clls up very much, forming a soft adhesive 
paste. If the paste is agibited with more water, it forms a uniform mixture, 
which, how'cver, will settle out on standing, as only part of the gum goes 
into solution. It is largely used in calico-printing and for other purposes 
where an adhesive is required. 

Turpentine. The limited use of the oleoresinous exudate of pine trees 
dates back many centuries, but the real beginning of the industrj" on a 
large scale is closely as.sociatcd with the discoverj' of the vast pine forests 
which extend along the southeastern and southern coasts of the United 
States from North Carolina to Texas. 

The.sc forests lie chiefly in the coastal plain and in the slightly hilly 
countrj' between the Piedmont plateau and the coastal plain, a strip vary¬ 
ing in width from 100 to 200 miles and characterized by a siindy soil, cov¬ 
ered for the most part with “wire grass,” this furnishing a beautiful carpet 
of green in spring and summer, but making a serious fire risk in winter. 

The early settlers in eastern North Carolina began the exploitation of 
their forests of longleaf pine for the purpose of providing tar and pitch for 
use in the construction of wooden ships, and gradually extended their opera¬ 
tions to the collection of crude turpentine which was shipped to Northern 
cities or England for distillation. At the same time limited operations w'ere 
being conducted upon the maritime pine in southwestern France between 
Bordeaux and Bayonne. 

Methods of Colleciion. To receive the crude turpentine the French 
mode use of a hole dug in the sand at the base of the tree. The oleoresin 
flowing from the wound on the trunk above was collected in these hole.s. 
Necessarily by this method much of the material was wasted and rendered 
impure. 
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In North Carolina the method of collection consisted of first cutting a 
large opening, the “box,” in the base of the tree, this box ser\dng as a 
receptacle for the crude turpentine. Each box is then “cornered,” a wide 
chip being removed from each half of the box to provide a surface suitable 
for directing the flow of crude turpentine to the box. Meanwhile, other 
laborers are ejuployed in clearing all combustible material from around 
each tree, “raking.” Ground fires are then started to consume the dead 
wir(‘ grass, chips, etc. \\ ith the opening of spring, “chipping” begins. 
This consists in scarifying each week the trunk of the tree above the “cor¬ 
nered surface by means of a “hack,” a U-shaped steel tool set in a wooden 
handle. Attache<i to this handle is a heav>' iron weight to give momentum 
to the free arm swing used in chipping. After four or five weeks the “ bo.xcs ” 
average a good filling and the crude turpentine, “dip,” is then transferred 
to buckets by flat iron patldlcs, and from the buckets it is collected in barrels 
conveniently placed in the woods. In the fall, at the end of the chipping 
season, the hardened oleoresin, which has gradually collected during the 
chipping season on the scarified surface of the tree, is removed by scraping, 
giving thus the name “scrape” to this product, which is sold as “Gum 
Thus,” or distilled. In the following winter the trees are again raked and 
the grass fired and in the spring chipping is resumed at the point on the 
tnmk of each tree where it ceased the previous year. This cycle is usually 
continued from three to four years, although in early days it was often con¬ 
tinued ten or twelve years, the scarified surface extending high on the 
trunks. Necessarily the yield from such high chipping was largely 
decreased, owing to the increased distance of flow to the receptacle. 

The supply of available timber in North Carolina rapidly decreasing, 
operations were extended to the virgin forests of the adjoining state, South 
Carolina. The center of the industry has gradually moved southward 
and then westward. 



French Improvements. The steady growth of the American industry 
received a serious check during the Civil War. The consequent scarcity 
of the products was accompanied by an abnormal increase in their value. 
This enhanced valuation led Hugues, a Frenchman, to propose a less waste¬ 
ful method for the French forests than the hole dug in the sand. He pro¬ 
posed as a substitute a clay pot holding about one pint. This pot was 
supported on its bottom by a large nail driven into the tree and on one 
side of its upper rim by a strip of sheet zinc, approximately 2 by 4 ins. 
slightly curved and driven into a corresponding upwardly inclined cut in 
the wood. This spout served to direct the oleoresin into the pot. At first 
his proposition was scoffed at and the peasants amused themselves by 
breaking the little pots. It is a pitiful commentary that Hugues died in 


poverty, but his ideas lived and gradually became adopted in France. 

American Improvements, As the knowledge of the new method in France 
spread to this country, numerous efforts were made to apply similar forms 
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efforts failed. Xo le.ss than fift-een patents were Issued in the United St^ites 
on this subject, but no one of them proved a commercial success. 

Several years ago a series of field experiments on a small scale in the 
turpentine forest.s of Soutli Georgia was begun. One feature of these experi- 
rnent.s was the use of a modification of the Hugues system, con.sisting of 
two separate metallic gutters, inserted in upwardly inclined cuts in the 
tree, along which the oleoresin flows. The upper and shorter g\>tter is 
separated at its lower end about 1 in. from the lower gutter and empties 
into it. The lower gutter extends from 2 to 3 ins. beyond the center of the 
angular .scarified surface formed in chipping and ser\'cs as a spout to con¬ 
vey the oleoresin to a cup suspended from a nail just below the end of the 
gutter. 'These cups are made of cither well-burned clay or galvanized iron, 
and have a capacitj' of 1 quart. 

Attracted by the promising character of these preliminary' experiments, 
the United States Bureau of Forestry began a series of field tests of the 
apparatus on a large scale. Before the end of the first season of te.sting it 
was evident that the apparatus was a practical success, and the results 
attained, both as to quantity and quality of oleoresin, justificil the hope of 
immediate commercial introduction of the system. But the habits of long 
years made difficult the adoption of such an innovation. This ultra-con¬ 
servatism was slowly overcome and the adoption of the now system spread 
rapidly. However, the last few years have shown an almost complete 
replacement of the “box” by the “cup” system in American forests. A 
detailed account of these experiments is given in Bulletin 40 and Circular 
34 of the United States Bureau of Forestry. 

With the main points at issue settled, namely, improved yields both 
in qiiantity and quality of the products and preservation of the trees, 
other forms of apparatus were devised to meet the objections of some of 
the operators to certain points in the cup and gutter sysUun. Many of 
these huv'c never proved practical, but some have been introducetl on a con¬ 
siderable commercial scale. 

The United States Forest Service has made further experiments of 
more conservative treatment of the trees in chipping. Comparative 
studies of the yield from deep and shallow chipping showed that the latter 
gave a greater yield during a period of four years of operation. Other 
experiments showed that a less rapid rate of a.scent of the trunk also gave 
larger yields, and experiments combining these several modifications of 
present practices showed a largely increased yield. A final set of experi¬ 
ments pointed clearly the rational way to a perpetuation of the naval stores 
industry in America. The details of this investigation arc given in Bulletin 
90 of the United States Forest Service. 

The Industry in Other Couniries. There is no need of any especial 
consideration of the Spanish industry, which has developed considerably 
during the past decade. The operations arc essentially the same as the 
French, and the same species of pine, Pinus marilima, is exploited. 



1096 


INDUSTRIAL CHEMISTRY 


In Austria the industry' is more limited and is even more destructive 
than by the old American system, a "box” being cut in the base of the tree, 
Pinus laricio, and the trunk of the tree scarified for at least 50 per cent of 
its circumference, the oleoresin being directed toward the center of the 
scarified surface by thin wooden strips inserted in downward cuts in the tree. 

In Russia the chief tree exploited is Pinus sylvestris. Climatic condi¬ 
tions do not admit of the usual process of collecting the crude turpentine 
at regular intervals. Instead, the trees are scarified in spring over a space 
about 3 ft. high and almost encircling the tree. During the year a mass 
of hardened rosin collects on this surface. In the winter it is scraped from 
the tree and distilled for its volatile oil and resin. This process is repeated 
for five years. The tree is then felled and the resinous portion of the tree 
subjected to destructive distillation. In other districts no effort is made 
to collect the rosin from the trees annually, but this is allowed to remain 
until the end of the fifth year of scarification. The tree is then felled and 
that part containing the rosin distilled first at a low temperature to obtain 
the volatile oil, then at a more elevated temperature to obtain tar and 
charcoal by destructive distillation of the wood. 

The spirits of turpentine from Germany, Sweden, and Finland seems 
to be a product solely of the destructive distillation of resinous wood. 

The production of naval stores in India and other tropical countries 
is at present carried out on only a small commercial scale. 

DislillaUon. In the early days of the North Carolina industry, no effort 
was made to distill the product, but gradually it became clear that it would 
be better to separate the crude turpentine into spirits of turpentine and 
rosin by distillation in the woods. For this purpose iron stills were used 
at first, but results were unsatisfactory until the introduction of copper 
stills, which were less liable to crack and could be heated with greater uni¬ 
formity and better control. 

Only slight advances in this art have since been made in America. 
The uniform process consists in the use of a large copper kettle and con¬ 
densing worm. The charge for a distillation averages 9 to 10 barrels of 
crude turpentine. The kettle is heated by free flame and during the dis¬ 
tillation a small stream of hot water from the top of the condenser tub is 
admitted through an opening in the upper part of the kettle, thus facili¬ 
tating the removal of the volatile oil. The condensed spirits of turpentine ' 
and water separate in the receiver, owing to difference in specific gravity, 
and the lighter spirits of turpentine is transferred to oak barrels, well coated 
with glue on the inside. No effort is made to redistill this product, and it 
always comes upon the market contaminated by a small amount of resin 
carried over mechanically during distillation. After most of the volatile 
oil has passed off, the still cap is removed, excess water in the kettle boiled 
off, and the molten rosin drawn off through a tap in the bottom of the 
kettle onto a coarse wue filter, then through a second filter of fine mesh 
wire overlaid with cotton batting. The molten rosin is then dipped into 
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wooden barrels luted with clay, and solidifies on cooling. In this condition 
it is shipped to market. 

The usual methoti of controlling the distillation is by the sound heard 
at the mouth of the condenser worm. Within the past three years a num¬ 
ber of American operators have substituted for tliis method that of ther¬ 
mometer control with ver>’ excellent results. 

In France, much more progress has been made in the art of distillation. 
Among the French distilleries there are throe <listinct types: first—a system 
closely resembling the American; second—distillation solely by steam in 
steam-jacketed ves.sel.s; and third—a mLxed sysR'in in which there is direct 
contact of fire with the kettle during the first stage of the di.stillation, then 
replacement of this by mixed injection of steam and hot water. By this 
means, a constant temperature is maintaine<], permitting the complete 
removal of all spirits of turpentine without danger of scorching the rosin. 

Crude Turpentine and Its Distillation Products. The oleoresin, cnide 
turpentine, as it first issues from the wounded tree is a limpid viscous liquid. 
Crystallization of the contained acids .soon begins and the mass finally 
becomes a crj'stal broth. The composition of this mass as determined on 


a lO-barrcl charge at the still .showed: 

Spirits of turpentine. 19.57 per cent 

Ho.sin. 66.64 

Impurities, chip.s, sand, etc. 4.67 

Water (determined by difference). 9.12 


Total.100.00 per cent 


The “scrape” collected from the scarified faces of the trees at the end 
of the chipping season showed an average of about one-half the content of 
spirits of turpentine os compared with cnide turpentine. 

The volatile oil, spirits of turpentine, consisting largely of pinene, when 
freshly dLstilled from “virgin” gum, has a pleasant fragrant odor, which 
readily change.s to a .sharp pungent odor under the oxidizing action of 
expo.sure to atmospheric oxygen. 

No definite physical constants can be given for spirits of turpentine, 
as variations occur due to preponderance of the crude turpentine in col¬ 
lection from the species of pines under operations. In America these are 
PinuH Palustris (Longleaf pine) and Pinus 11 eterophylla (Cuban or Slosh 
pine). lOven in the same species marked variations, especially of the 
optical rotations, have been found. 

Rosin. The rosin, left after removal by steam of the volatile oil, varies 
in color from a very deep red to a light yellow. The lighter the color the 
more valuable the rosin, as indicated by the daily market quotations of 
these different grades of rosin. 

The bleaching of the lighter shades by prolonged exposure to direct 
sunlight is carried out in France on a large scale. The deepening of the 
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color of rosin is <luc primiirily to the oxidizing action of the atmosphere, 
and the contamination of the fresh olooresin as it flows over the already 
oxidized material adhering to the scarified surface of the tree. 

Hosin is composed chiefly of acids, such as abietic acid, Cif)H 2 s 02 , 
approximately 94 per cent and so-called unsaponifiable matter, “Kesene,” 
approximatel 3 ’^ 6 per cent. The acid number of rosin varies with different 
samples, but is approximately 160, while the so-called ester number is 
approximately 7. 

Hosin lias no definite melting-point, beginning to soften about 70° C. 
Its specific gra^^ty is approximately 1.07. 

Wood Spirits of Turpentine. Among the various departments of the 
naval stores industrj' in America none has had a more varied and interest¬ 
ing career than that of the production of “wood spirits of turpentine’' by 
destnictive distillation of resinous wood. Years ago considerable capital 
was invested in plants for utilizing the by-products formed during the 
destructive distillation of “fat lightwood.” None of the plants wore com¬ 
mercially successful and for a while nothing was heard of the industry. 
But with the increase in price of spirits of turpentine resulting from the 
formation of the Turpentine Operators Association in 1902, a fresh impetus 
was given to the “wood spirits of turpentine” industry. At first somewhat 
crude rnethods of dcstructiv’e distillation were advocated, and as the pro¬ 
moters of this industry appealed largely to local interest in having stumps 
for distillation removed from the fields suitable for cultivation, a double 
impetus was received. Much enthusiasm was aroused, and a number of 
plants constructed. But the industry received a serious blow in the refusal 
of the varnish makers to use the impure “wood spirits of turpentine” 
manufactured, by the failure to find a market for many of the heavier oils 
and the coke, and by the destruction by fire of many of the improperly 
constructed plants. 

The price of spirits of turpentine continued to rise and led to the devel¬ 
opment of the steam extraction process for manufacture of wood spirits 
of turpentine. After thorough grinding, the wood is treated in iron retorts 
with steam, and the volatile oil distilled, no effort being made to obtain 
any other product. By one redistillation of the product a very high grade 
spirits of turpentine is obtained, equal, if not superior, to that from the 
living tree. Unfortunately, the yield is not sufficiently large to make the 
process remunerative. 

Quite a different process is employed by those plants which utilize a 
bath of molten rosin for removal of the spirits of turpentine from the wood, 
with subsequent distillation of the volatile oil from this bath. Such plants 
seem to have met with a fair measure of success. 

More recently, extraction processes have been developed which employ 
low-boiling petroleum products as the extractive. Such plants recover 
both the spirits of turpentine and the rosin from the ground wood, and 
have a great advantage in the present very high value of rosin. These 
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plants are also utilizing the refuse from the straining of rosin at the dis¬ 
tilleries in the woods, a product formerly hurried on the waste piles, hut 
now bringing nineteen dollars per ton. This inetliod is adding a consider¬ 
able amount to the annual output of rosin. 

The most recent development is a plant for de.stnictivo di.'^tillation of 
wood in retorts heated by jackets filled with high-boiling petroleum frac¬ 
tions. By tfiis means the fire risk is practically completely eliminated and 
the re.sults indicate that by means of the complete and ready temperature 
control of the oil jacket, larger yields of better products can be obtained. 

Annual Production of Naval Stores. No subject connected with the 
naval stores industry admits of so little accuracy of .statement as tloes that 
of statistics on the total annual production. The most careful e.stimatcs 
are at best only approximations. This is unfortunate, for in the past it 
has frequently led to speculative manipulations of the market and the 
teiniHirary estiil^lishmcnt of values which had no legitimate b:usi.s depending 
on supply and demand. 

The following table* of annual production in nonnal times is given, 
therefore, as an approximation only, but it is believed to be a rerusonubly 
accurate approximation: 



1 

Spirits of Turi»cntino 
Barrels (50 Gallons) 

Rosin 

Hiirrels (.500 Lbs.) 

United States. 

000,000 

2,000,0(K) 

Franre. 

155,000 

300,000 

Spain. 

00,000 

139,.500 

Other Countries. 

01,600 

H3.000 

Total estimated production. 

870,500 

2,(542.500 


^ CourU^y Gumblc's lutcmutionul Navul Stores Year Book 1931-32. 










CHAPTER XXXVIII 


SHELLAC 

A. C. LANGMUIR 

A DISTINCTION should bo made between shellac and lac. Lac is derived 
from the Indian term for 100,000 and is significant of the myriad or swarm 
of insects taking part in its formation. It has been erroneously stated that 
lac is the dried exudation of a tree, caused by the sting of the lac insect, and 
is similar to rosin in its origin. As a matter of fact, it is the secretion of the 
lac insect and is a product of the assimilation of the tree sap which the 
insect feeds upon, just as honey and beeswax are produced by the modifica¬ 
tion of the nectar of flowers by the bee. 

Shellac is so called because of its shell-like form, and bears the same 
relation to lac that flour bears to wheat. It is a manufactured article, and 
may be manipulated and adulterated, whereas lac is the original resin as 
gathered from the trees, and cannot be sophisticated. 

Lac is found only in northeastern India and, to a small extent, in the 
adjacent sections of Assam and Burmah. The shipping-point is Calcutta. 
The insect producing lac belongs to the scale family {Tacchardii lacca), and 
in the larval form when hatched is about one-fortieth of an inch in length 
and of a red or orange color. It has six legs, but no wings, and is too small 
and weak to travel far. It crawls or drops to another twig in the vicinity, 
but thousands are unsuccessful, through their inability to find a favorable 
position or a suitable soft, sappy twig which they can pierce with their 
beaks. As soon as the insect comes to rest it immediately begins to suck 
up the sap like an animated siphon, and secretes a substance which soon 
dries around it in contact with the air. They take up positions adjoining 
one another so that as the cells surrounding the insects grow larger they 
eventually coalesce, forming an incrustation around the twigs several times 
as thick as the twigs themselves. The formation of the lac is undoubtedly 
designed as a protective coating to shield the insect from its many enemies. 
Monkeys, ants and squirrels feed on the sweet incrustation. Heavy rains, 
hail storms, droughts, and forest fires work at times serious injuries. 

About two and a half months after the period of swarming the male 
insect matures, and after pushing up the lower edge of its cell crawls out 
backwards. The female stays in place. The female is provided with 
three tuft^ of filaments covered with wax. As the lac gathers around, these 
filaments act as tubes to supply air and to permit fertilization by the male, 
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who then dies. The female lives about three and a half months longer, 
continuing to feed on the sap. For this reason the female cells are larger 
than the male cells, and may bo recognized when a cross-section is made. 
About a thousiind eggs are developed by each female, and by the time these 
eggs are hatched the mother has dried up, leaving only the skin. The new 
brood escapes from the body of the parent by the air-ducts in the lac, and 
anotlier life-cycle begins. There are two generations each year, the swarm¬ 
ing taking place in July and December. Lac may be propagated by cutting 
off the swarming twigs and tying them to the branches of healthy trees. 

Stick-lac. The incrusted twigs are broken into .short sections and con¬ 
stitute the stick-lac of commerce. The lac is gathered twice a year by the 
natives. It Ls brought to some central point, such as Mirzapore, w’here 
it is hand-picked and graded. The principal trees bearing lac are the 
Ku.sum and Palas, but some 88 varieties of trees hav’c been recognized as 
hosts for the lac insect. The kind of tree and the nature of the sap fed on, 
as w'ell as climatic influences, are undoubtedly factors in the value of the 
product. Almost nothing is known of the origin of the various varieties 
of stick-lac. 

Seed-lac or grain-lac Ls produced from stick-lac by crushing, washing, 
and drj'ing. In this way the wood and a considerable part of the coloring 
matter Ls removed. Seed-lac consists of ruby-red or orange-colored grains 
about the size of wheat. 

Lac Dye. If the wash-water from the stick-lac is allowed to settle, lac 
dye deposits. Before the advent of the synthetic dyes large quantities of 
this material were shipped to Europe (1,544,480 lbs. in 1880; 487,608 lbs. 
during the War), where it was used as a substitute for cochineal. The 
trade has now entirely disappeared and lac dye is only seen as a curiosity. 

Shellac. To make shellac the workman fills long, narrow bags with 
dry seed-lac, to which a certain quantity of orpiinent, and sometimes rosin, 
is added. The bag is heated over a charcoal fire until the lac has fused 
and run through the cloth. By twisting the bag the molten lac is forced 
out and is scraped off with a metal hook. It is flattened out by stretching 
over a cylin<lor filled with hot water. It is then reheated, clasped between 
the feet and hands, and pulled out into a thin sheet of a light to dark orange 
color. In good grades any imperfections are flecked out of the sheet by 
the finger. The edges are broken off and remolted in the better grades. 

The sheets arc broken into flakes and packed for shipment. This is the 
form in which lac is commonly seen, and is the material for sale in the paint 
store. 

Shellac is graded in accordance with its color and transparency, flatness 
and strength of the flakes, and freedom from adulteration. Orpiment 
is universally added to produce the light-yellow color demanded by the 
trade. It varies in amount between 0.05 and 1.00 per cent. It should not 
exceed.0.20 F>er cent. 

The better grades of shellac are commonly spoken of as the marks, of 
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which some of the more important are as follows: D.C. CDavUI Campbell), 
V.S.O. {ver>’ superior orange), Diamond I, Double Triangle G, Superfine, 
Fine, and Good, Standard One, Two and Three, etc. These grades are 
generally free from rosin. 

Tlie lower gratle (about 50 per cent of the total imports) is known as 
T.N., and may contain 5 per cent and more of rosin, unless marked Pure. 
The I’nited States standard T.N. does not contain over 3 per cent rosin 
(U.S.S.A. mark). 

The marks and some of the T.N. are packed in wooden cases, lined on 
tlio inside with cloth (usually obtained from the bags used for melting 
seed-lac) and wrapped on the outside with burlap, on which is branded the 
mark and the initials of the maker’s name. The customary not weight 
is two maunds, or 104 lbs. The T.N. grade is usually shipped in double 
burlap bags carrying 164 lbs. The route from Calcutta lies through the 
Ked Sea, and the summer shipments are often received in a more or less 
matted condition, due to the softening of the shellac on route. This is 
particularly noticeable with the T.N. grade, packed in bags, the pressure 
and lack of ventilation causing the solidification of the shellac into hard 
slabs. To describe the condition of the shellac the terms free, caught, 
matted, firmly matted, and blocked are used. 

I'hc yearly output is about 250,000 packages of 164 lbs. each—about 
41,000,000 lbs. The total imports for the United States were in 1923, 
32,775,170 lbs., a maximum, dropping to 23,012,490 lbs. in 1928. There 
arc two crops, the Bisakke or spring crop being the largest and producing 
the greater part of the T.N. grade. The fine orange grades are mostly 
derived from the Koosmie or fall crop, and being shipped during the winter, 
arrive in good condition. 

Refuse lac. This is the residue left in the bag after the squeezing-out 
of shellac, as described above. It contains from 30 to 50 per cent sand and 
insoluble matter. The resin is soluble in alcohol or dilute soda, and is 
sometimes extracted. The lac may be precipitated from the soda solution 
by the addition of acid. The alcohol may be recovered by distillation, and 
the fused residue run out on a table or metal slab for the production of 
garnet shellac. In the pure form it is rosin-free; in the ordinary form it con¬ 
tains from 8 to 10 per cent rosin. It is marked A.C. garnet. The color is 
dark purple-red. Other grades are the Kala and Gal garnets, probably 
extracted with soda, which are almost black in color and contain 18 per 
cent rosin and upwards. 

Button lac, when pure and of good color, is one of the highest-priced 
grades. It is characterized by its ready fusibility and ease of working 
when used for sealing-wax. It is prepared from special kinds of stick-lac 
of superior color in the same way as shellac, except that instead of being 
drawn out in sheets it is allowed to harden in round disks two to three 
inches in diameter, which are stamped with the maker’s seal, while soft. 
When held to the light, button lac is transparent and of a red-orange color. 



SHELLAC 


1103 


Gross adulteration has hern practiced in the past with button lac, 
rosin in amounts up to -lO per cent l)einK not uncommon. 

Constitution. Lac is a n‘sin, but stands apart from llie otlier resins 
in its origin and chemical characteristics. Tschirch, wlio has made the 
most thorough .study of the chemistry of lac, cla.s.<es it as an aliphatic or 
fatty resin, in which the sul)stancos of the fatty series predominate. His 
analysi.s of stick-lac is ns follows: ^^'ax 6.0 per rent, lac dye 6..5 jkt ccrU, 
resin 74.5 per cent, residue 9.5 per cent, water 3.5 per cent. The wax as 
shown by Benedikt consists of mjTicyl and cer>-l nlcoliol, free and com¬ 
bined with various fatty acids. The resin may be divided into an ether 
soluble portion of 35 per cent and an ether insoluble pr)rtion of 05 per cent. 
7'he soluble part Tschirch fin<ls to consist principally of fatt>' acids, a small 
portion of a wax-like substance, volatile with steam, ami responsible for 
the characteristic odor of lac, a resin-like body (1.5 per cent of the niw 
material^ Jintl a yellow dye, erjdhrolaccin (about 1.0 per cent of the resin). 

The ether insohibU; portion of the lac resin is the resinotannol ester of 
alcuritinic acid. Nothing is known of the constitution of rc.sinotannols. 
Tschirch considers the alcuritinic acid to be a fatty acid of appro.ximately 
the constitution of dioxypulrnitic acid. 

The residue of 9.5 per cent consists of .ssind, wood, in.scct cells, etc. 

Harries and Nagel (1922) concluded that shellac consists of lactides of 
alcuritinic and other resin acids. Other investigators have detecUul the 
pre.sence of nitrogenous substances in lac of a glutinous character (I latchett, 
Gascard). A small quantity of sugar is shown by Fehling’s solution in the 
aqueous extract. 

Properties and Anal ysis of Shellac, Shellac is the form of lac com¬ 
monly used in the arts, its flake-like fonn fucilitaling handling, and its 
large surface permitting the rapid action of solvents. 

The specific gravity at 60/60® F. lies between 1.08 and 1.13. Accurate 
figures arc out of the question, bccau.so shellac contains a largo number of 
air-cells, as may be readily noticed when the flakes are clo.sely examined. 

The melting-point of shellac is indefinite. It commences to soften at 
40® C., and gradually becomes more fluid as the temperature rises. It can¬ 
not be melted to a thin fluid without dccompo.sition. 

It is insoluble in acids, but readily soluble in alkalies, from which it 
may be recovered by neutralization. Mixed with water it dissolves in an 
eighth of its weight of sodium carbonate, when heated. It may be cut in 
borax, a convenient fonnula being 1 lb. shellac, 4 oz. borax, 1 gal. water. 
Ammoniji-water, triphosphate of soda, bicarbonate of sf)da may also be 
used as solvents. Caustic soda alters shellac chemically, converting it 
into a material only partly precipitated by acid. Lime water is not a sol¬ 
vent. From alkaline solutions shellac may be precipitated by suiting out, 
just as is done in the soap industry, a mass of a rubbery consistency being 
obtained. 

Alkaline solutions of shellac have a strong purpIc-red color, due to the 
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lac dye, which is never entirely removed by the washing of the stick-lac. 
They arc also turbid, because of the insoluble, finely divided wax carried 
in suspension. The wax is sometimes removed by boiling the solution 
and skimming the melted wax from the surface. 

Shellac is readily soluble in methyl and ethyl alcohol, as much as 10 
lbs. shellac dissolving in 1 gal. of the spirits. It is also soluble in fusel oil. 
Turpentine and benzine arc not solvents, and will precipitate it from 
alcoholic solutions. Benzine or petroleum naphtha is a solvent for shellac 
wax, however, and will remove it from alkaline solutions. 

The iodine absorption of shellac is ver>' low in distinction to the absorp¬ 
tion of rosin, which is high. The measurement of the iodine absorption 
affords one of the best means of detecting adulteration. The purchase of 
shellac on analysis, with a guarantee as to rosin, has led to a great improve¬ 
ment in the quality of the shellac received at New York in late years. The 
absorption of iodine by the resins docs not proceed to completion as with 
the fats, and it is ncce.ssary to lay down an empirical method requiring 
standard conditions as to time, temperature, and concentration. Using 
Wijs solution, and allowing it to act one hour at 22® C., it was found that 
high-grade shellacs, such as D.C. and V.S.O., absorbed from 14 to 17 per 
cent iodine. Good T.N. shellacs took 18 per cent. Rosin, while variable, 
averaged about 228 per cent. The method is based on the assumption that 
18 and 228 are the iodine absorption numbers of rosin-free shellac and rosin 
respectively. Using these figures, the per cent of rosin may be calculated 
from the iodine absorption. Results are undoubtedly somewhat below the 
truth, but the trade has become adjusted to these standards, and disagree¬ 
ments are rare. See reference at the end of this article. 

Crude sugar has been used as an adulterant on T.N. grades in amounts 
ranging from 2-7 per cent. It can be easily detected by extraction of the 
pulverized shellac with water, evaporating on the water-bath and weighing 
the residue. After inversion a test may be made with Fehling’s solution, 
bearing in mind that all shellacs contain a small amount of sugar. 

The water extract in T.N. shellac should not exceed 0.5 per cent. 

The insoluble residue left after extraction of the shellac with hot 95 
per cent alcohol affords a measure of the insoluble impurities present other 
than the wax (the shellac wax is soluble in hot alcohol). A good T.N. 
should not contain over 3 per cent and a good orange mark not over 1.75 
per cent. 

Orange shellac is permanent in this climate, samples over 20 years of 
age showing no deterioration or change in chemical constants. 

Bleached Shellac is prepared from shellac, seed-lac or stick-lac, by the 
action of hypochlorite of soda on the alkaline solution, for the purpose of 
removing the red-brown color of the lac. The usual raw material is seed- 
lac or rosin-free T.N. The lac dye is bleached very quickly, but the yel¬ 
low color of the erythrolaccm is more persistent and a greater or smaller 
quantity survives the bleaching entirely. 
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Shellac is not bleached commerciallj' by the action of sunlight on the 
alcoholic solution, mixed with animal charcoal, bj' pouring the alcoholic 
solution into potassium hypochlorite, by boiling with weak potash, or by 
passing chlorine gas into the potash solution of the shellac, to mention 
a few of the methods permanently intrenched in the literature. 

The only pniblished method of practical utility is the following, from 
the Papier Z( it umj, Berlin, Jan. IG, 1898: ‘‘Dissolve 1.6 kg. of soda in 
50 to 70 liters of water, and heat to boiling. Add slowly 10 kg. of shellac. 
Make a solution of chloride of lime by adding to water in the proportion 
of 10 kg. to 200 liters. Hun off the clear liquor and throw out the lime 
with soda. To the hot shellac solution add the sodium hypochlorite so 
prepared until the color is wine-yellow. Add in small portions toward 
the end, waiting five minutes btdween additions. C'over and .stand for 
several hours. Decant, warm to 30® C., and precipitate the shellac with 
hydrochloric or sulphuric aci<l, <liluted to 1 to 20. Tlirow the bleached 
shellac into hot water and pull into bars.” 

Orange shellac is now bleached with sodium hypochlorite solution pre¬ 
pared from liquid chlorine and caustic soda lye. 

Bleached shellac is sometimes sold in the form of pulled hanks or 
bars, resembling pulled sugar-candy in color an<i luster. When the hanks 
arc crushed Jind pulv(*rized the bleached shellac is known as ground 
bleached. Both these forms contain about 25 per cent water. Formerly 
most of the bleached shellac .sold was in the form of hanks, but of late 
years nearly all bleached shellac goes into the form of bone-dry bleached 
shellac, which Is immediately available for the preparation of shellac 
varnish. Bone dry is prepared from the ground bleached by moderate 
heating in a vacuum dryer or exposure to air on drying-frames until nearly 
"bone dry.” It still contains up to 5 per cent of water. It is usually 
sold in barrels of 250 lbs. net. Difficulty is experienced here with blocking 
in torrid summer weather, as noted in the case of orange shellac. To 
prevent this, bleached shellac should be stored in as cool a place as 
possible. 

A peculiarity of bleached shellac is its gradual change into a modi¬ 
fication insoluble in alcohol and alkalies. If not too bad the insoluble 
portions may be strained out of the solution, as the soluble portion is still 
perfectly good. This change cannot be preventod, and will inevitably 
take place in time with every bleached shellac. It is favored by high 
temperatures. Bleached shellac should be used promptly. 

Bleached shellac dissolves in the same solvents as orange shellac. The 
solution is a milky-white, the milkincss being due to the presence of the 
insoluble shellac wax in suspension. In alcoholic shellac solutions the 
wax partly settles in time, leaving a clear light-yellow supernatant liquid. 

Moisture in bleached shellac should be determined by drying to con¬ 
stant weight in a vacuum over sulphuric acid or by heating in a well-ven¬ 
tilated air-bath at a temperature not exceeding 43® C., to prevent the 



1100 


INDUSTRIAL CHEMISTRY 


sintorinj; of the shellac. Heating at 50® C. and over results in the loss 
of volatile ingredients not water and a change in the chemical constitution 
of the sliellac. 

Refined Bleached Shellac. This is a wax-free form of bleached shellac, 
which dissolves to a clear solution in solvents. The wax is removed by 
the filtrating of the alkaline solution before bleaching. It is sold in the 
form of ground, hanks, and bone-drj'. 

Shellac Varnishes. These are often called simply “shellacs,” the 
dry resin being incorrectly distinguished as “gum-shellac.” 

I’lie bulk of the shellac varnish today is made with special denatured 
alcohol, a pure grain-alcohol denatured by the addition of 5 per cent wood- 
alcohol. The standard shellac is 5 lbs. to the gallon, and is generally 
thinned down before use with methanol or completely denatured alcohol, 
the use of special denatured alcohol being not permitted. Orange-shellac 
varnishes arc used where color is no objection, white shellac varnishes 
otherwise. 

The alcohol is measured, and the weighed shellac added, without the 
application of heat. If not stirred vigorously the shellac is apt to gather 
into a ball, which resists solution tenaciously. The yellow-colored deposit 
sometimes noticed in orange-shellac varnish is a mixture of sand with a 
little orpiment present in the original shellac, and insoluble in the alcohol. 
Water added to shellac varnish precipitates the shellac, but shellac itself 
may be cut in 85 per cent alcohol without difficulty. The addition of 
benzine or turpentine to shellac varnish will curdle the goods, and many 
complaints by painters may be traced to the use of these solvents as thin- 
ners or brush-cleansers. 

Shellac varnishes are quick driers, the solvent evaporating entirely, 
and leaving the dry resin as a thin coating. This is in distinction to the 
oil varnishes, the solvent in this case forming an integral part of the dry 
coat. Special denatured shellac varnish dries somewhat more slowly 
than the wood-alcohol varnish, but the end-product is the same. The 
alcohol in evaporating chills its surroundings and attracts water from 
the air, especially in humid summer weather. This produces a whitish 
film, which slowly disappears. 

Shellac varnish is sometimes adulterated. Spirit-soluble resins, such 
as rosin, copal, and sandarac are used. Celluloid is sometimes added to 
give a fictitious body. Foreign resins are easily recognized by a col¬ 
orimetric test with dilute Wijs solution. The body may be determined 
by evaporation. 

French Varnishes and Lacquers. A French varnish is a transparent 
shellac varnish and may be made either by the solution of refined shellac 
(wax free) in alcohol, or by the filtration of shellac varnish to remove the 
wax. In some cases French varnishes are made from copal and sandarac. 

Colored laquers are made by the solution of the appropriate color in 
the French varnish. 
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Uses and Applications. Shellac is used .as a l)indcr in coniposition 
goods, such as buttons, domino('s, poker elups, telephone receivers, pl»<jno- 
grapli records; in the electrical industry* as an insulator; in sealing-wax, 
etc. Cut in alkalies it serves as a dressing on leather and patent leather, 
shoe polishe.s, as a finish on playing-cards, surface-coattnl papers, and hats. 
Dissolved in alcohol it is verj'^ c.xtensivcly used as a quick-dn. ing varnish 
on all kind.s of furnittire, interior decorations, railroad and trolh'y cars, 
hat stilTening, kalsoniining, pencils, pattem.s, paniuet floors; and as a 
constituent of nitrocellulose lacciuors, etc. 
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RUBBER AND RELATED GUMS 

Definitions. Rubber is a hydrocarbon contained in the latex of certain 
milk-bearing plants found principally in the tropic zone. The rubber of 
commerce is known as “washed and dried rubber.” The trade names 
of some varieties of rubber arc: Para from Hevea species; Caucho (Ama¬ 
zonian and Mexican) from CasitUoa; Mangabeira from Hancomia; 
Manicoba (or Ceara) from Manihot; Assam from Ficus; African from 
Landolphia and Funtumia. Plantation rubber from the Middle East 
is obtained principally from Hevea trasiliensis. The question of ter¬ 
minology was discussed at some length at the International Rubber 
Conference held in New York City in 1912. Many careful men in the 
rubber trade now speak of “Hevea rubber from Ceylon” and “Hevea 
rubber from Para” but rubber brokers arc as a rule opposed to such 
discrimination. The terms “Up river fine Para,” “Caoutchouc,” and 
“India rubber” are still seen in badly drawn specifications. They are 
remnants of the time when nearly the whole world production of rubber 
was shipped from Para and the Indies. The English term “Fine hard 
Para” is equivalent to the American term “Up river fine Para.” 

The rubber industry is so large and diversified that a comprehensive 
description of it must include not only the source and uses of rubber 
itself, but also the materials that are combined with it. Rubber enters 
largely into many of the activities of civilized existence, and we see it 
put to a large variety of uses in our daily life. To bring to mind some 
of the most important uses of rubber we might mention automobile and 
bicycle tires, rubber shoes and clothing, hose, soles and heels, mechanical 
goods such as rubber belting, packing, and washers, rubber-bands, erasers, 
pipe stems, tennis, golf and foot balls, billiard table cushions, hard rubber 
for electric insulators, telephones, buttons, fountain pens, and many 
other articles too numerous to mention. Many of the comforts and 
necessities of civilization are dependent on rubber, and by its use many 
things have been developed which could never have been possible with¬ 
out it. 

Geography. Rubber-producing plants are found in the forest along 
the Amazon River in Brazil. The names of its tributaries are, in fact, 
used in the trade to designate particular grades of rubber. For example: 
Javaiy, Jurua, Purus, Tapajos, Xingu, and Madeira. The width of the 
Amazon b^in is given as ^^5 to 15 miles/’ and its length as “over 3000 
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miles,” from which we may form some itlea of the vastness of the Amazo¬ 
nian jungles. Other rubber-producing countries are Africa, Mexico, Cen¬ 
tral America, Hast and West India, and last, but not least, the Middle 
East, where plantation rubber has been cultivated since 1876. The term 
“Ahddlc East” is used to designate that part of the tropics at about 
100® east longitude. It includes Ceylon and Malaya. 

Botany, Plant investigators have known for a long time that certain 
plants are chanicterized by the presence of capillary vessels containing 
a milk-juice. This latex, as it is called in the tropics, is found in the 
stems, leaves, bark and roots of various trees, shnibs, and creepers. This 
milk-juice is in most cases secured by making incisions on the trunk of 
the tree in such a manner as to sever the milk-bearing canals. The milk 
at once e.xudes and i.s collected in tins of about J-pint capacity. It is then 
coagulated or cured by exposure to smoke, or by treatment with organic 
acids. We arc at present acquainted with about twenty genera of these 
plants belonging to the following families (according to Strassburger): 
Euphorbiacea*, Apocynacere, Moraceie, Composita*, Convulvulacea*, 
Asclepiadaccffi. The latex is apparently an emulsion containing generally 
five substances, present in varying proportions, depending upon the source 
of the latex. Two specimens showed on analysis (in round numbers): 


Ilrvcji p nntumxa 

brasili i‘ risLi clastica 

Water. 55.0 per cent 50.5 per cent 

Rubber. 38.5 40.7 

Proteins. 3.0 3.3 

Resins. 3.0 4.5 

Mineral matter. 0.5 1.0 


Harvesting. Rubber is collected from the tree, either wild or from 
the plantation in about the same manner. In the Amazon region the 
collecting season lasts from May to December. On the For Eastern 
plantations the trees are tapped all the year round. The trees are tapped 
when they have reached a circumference of about 2 ft., regardless of their 
age. Ilevea trees of such a size arc usually seven or eight years old and 
have a height of about 40 ft. 

The tapping of the trees is done in the early morning by making 
incisions of a herringbone design througli the bark. At the bottom of the 
incision is placed a small tin cup. The milk or Uitex starts to flow as soon 
as the incision is made and continues to flow for about three hours, when it 
becomes sealed by natural coagulation. 

The latex which is collected is about the consistency of cream and 
must be coagulated at once to prevent it from spoiling, or, in case the 
latex is to be shipped as such, it must be preserved, which is usually 
accomplished by the addition of ammonia. The cuts are reopened in 
the evening and a further yield of latex is obtained. This operation is 
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rppoatocl each day for about a week, the old incisions being opened each 
inoniing and evening. At the end of a week new incisions are made and 
tiie opcTation continues until the tree has been tapped as high as a man 
can reach. The average llevca tree of Brazil will produce about one and 
one-half gallons of latex in a season, yielding from 3 to 5 lbs. of rubber. 

Coagulation.—The changing of the latex to crude gum rubber is 
known as coagulation, and may be accomplished by smoking, drying, 
separation witli chemicals, or separation mechanically. Smoking is the 
oldest and most familiar process. The latex is poured into flat dishes 
from which it is scooped out and poured over a thick stick supported at 
one eiui ami held at the other end by a man. The stick with the adhering 
latex is rotated by hand and is held in the smoke of a fire, usually made 
by burning palm nuts, which give a thick smudge. A thick gummy 
material results from the heat of the fire, and perhaps partly from the 
chemical action of the smoke, and over this small ball more latex is poured 
and the smoking process is repeated. The operation is carried on until 
a ball about two feet in diameter is obtained, consisting of many super¬ 
imposed thin layers of crude gum rubber. The finished ball is slightly 
tacky, semi-elastic, semi-plastic, and dark gray in color. If the smoking 
is properly done, it is not sticky and may be readily handled. The stick 
is withdrawn, leaving a hole through the center, and the crude rubber is 
shipped, either in the form of whole balls, or cut into halves or quarters. 
Crude rubber bears very little resemblance to rubber as known in finished 
rubber goods, as it does not have the elastic resilient qualities characteristic 
of manufactured rubber articles. Fine and medium Para rubber is always 
made by smoking. Some rubbers are coagulated simply by exposure to 
slight heat or to sunlight, and sometimes merely to the air. Rubbers 
coagulated in this way are some coarse Para and certain of the Centrals, 
African and East Indian rubbers. 

Many chemicals exercise a separating influence in the extraction of 
rubber from the latex. All agents which precipitate and denature albumen 
tend to separate the rubber. Separating agents which exercise a decom¬ 
posing influence upon the accompanying albumens require, in addition, 
the presence of preservatives. Acetic acid is largely used for coagulating 
Hevea latex in the Far East, more particularly on the rubber plantations. 

In coagulating with acetic acid, the latex, after having been filtered 
through cheesecloth, is placed in small enamel pans. A few drops of 
acetic acid is added to each pan and the latex allowed to stand overnight. 
The next morning each pan is found to contain a cake of soft spongy* 
rubber. The cakes are rolled by hand to remove most of tJhe water which 
they contain, and are then placed on wire screens over a charcoal fibre 
where they remain for three or four hours. This dr 3 dng reduces the 
weight and gives a much darker color. The cakes then go to the drying 
racks where they remain for several weeks imtil they are considered 
sufficiently diy for ^hipping. 
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Chemical and Physical Properties. The average latex from the Jf< rea 
tree will have about the following orimposition: 


Rubber or caoutchouc. 37.0 per cent 

Albumen. 3.0 

Resins. 5.0 

Water. 52.0 


Traces of oil, sugar and other matter. 3.0 


100.0 per cent 

Although it may be sahl of nearly all products of the animal and 
vegetable kingdoms, that they are difficult to define, this is more especially 
true of rubber, in fact it was not until 1905 that a definite knowledge of 
the actual nibber substance was oldained. Kor over fifty 3 'cars, it was 
defined merely as a hj'drocarbon having the empirical fonnula CioIIir,, but 
in 1905 Harries of Kiel defined it as a highlj' poljunerized l-o-dimethjd- 
cyclo-octadien-1-5. 

The chemical properties which give rubber its commercial vahie are 
its resin cont<*nt, and its reaction with elemental sulphur. Good Hevea 
rubber contains seldom more than 3 per cent of resins while soft Guayule 
rubber may contain as high as 20 per cent of resins. These arc soluble 
in acetone, and this solvent is used on a large .scale for dcresinating nibbers 
which contain excessive amounts of resin. Volatile organic solvents such 
as turpentine, carbon tetrachloride, coal-tar benzene and petroleum ben¬ 
zine cause nibber to swell to a jelly-like mass. This mixture becomes 
distinctly viscous on further dilution, in fact Fol of Delft has endeavored 
by numerous experiments to show the relation between viscositj', resin 
content an<J .strength in “ washed and dried ” nibber. The most important 
chemical property is without doubt the fact that rubber combines with 
sulphur in all proportions, the highest being a product containing about 
32 per cent of sulphur. This chemical combination of rubber with sulphur 
is known in practice as “vulcanization.” Oxj'gen in the form of ozone 
reacts very readily with rubl>er, fonning various “ozonides.” It has 
also been observed that oxygen has a detrimental influence on nibber and 
rubber products, so that we may conclude that tlie closer rubber approaches 
to the chemical formula mentioned, the more desirable it is for most 
purposes. Nitrous acid reacts with rubber to form “nitrosites.” If 
rubber is heated in the open air to 285® C. it loses all its natural elasticity 
and assumes the condition of a liquid which remains fluid at ordinary room 
temperature. 

The physical properties which give rubber its value as a material 
of commerce are: (1) pale color; (2) high tensile strength when com¬ 
pounded; (3) high adhesion and cohesion values; (4) great elasticity; 
(5) pliability within a great range of temperatures; (6) impenneability 
to water and gases; (7) enormous dielectric value; (8) ability to “take 
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up” powdered minerals and form with them a homogeneous mass or 
dough; (9) specific gravity less than that of water. 

After coagulation and washing, crude gum rubber from the Hevea 
tree will have about the following composition: 


Rubber. 94.0 per cent 

Resins (acetone extract). 3.0 

Protein. 2.5 

Mineral matter.5 


100.0 per cent 

Marketing.—The commercial grades of plantation rubber yield different 
results when compounded, and these variations can be traced to: (1) the 
chemical composition of the rubber; (2) the age of the tree from which the 
nibber was obtained; (3) the manner of collecting and coagulating the 
latex. It is conceded that one method of coagulation will not serve for all 
varieties of latex. Hence, it is important that the ultimate consumer know 
the methods used on the nibbers which he buys, so that this may be taken 
into consideration when the gum is compounded in the factory. 

The market value of crude rubber is influenced by many factors, among 
which are: (1) Tackiness, especially noticeable in soft Guayule rubber 
containing much resin. (2) Acidity, found chiefly in acid-coagulated plan¬ 
tation rubber. (3) Softness, in poorly cured Para rubber and African 
rubbers. (4) Cleanness, in cases where the rubber is sold in the washed 
and dried condition. (5) The proportion of unsmoked or poorly smoked 
latex in the “pelles” of Para rubber. (6) Toughness. (7) The age of 
the ‘*pellc ,”—fresh pelles contain more moisture than those which have 
been stored for some months. (8) Color —pale rubber is for some unknown 
reason uniformly preferred by buyers. (9) Tensile strength —this is deter¬ 
mined by mixing up the rubbers on a “ standard recipe ” and then com¬ 
paring the tensile strength of the cured compounds. (10) Stretch is 
determined by observing the extent to which a strip of vulcanized rubber 
compound can be stretched without rupturing it. 

The various classes are distinguished largely by the form in which 
the crude rubber is marketed. The size and shape of the pieces are deter¬ 
mined by the methods of collecting and curing the rubber, or are the 
result of cutting up the original pieces. 

Plantation rubber is known as Plantation Para and is classified as 
follows: 

Biscuits, The rubber is in the shape of flat, circular cakes, resulting 
from washing and rolling the coagulated latex. 

Sheets. These resemble biscuits, except that they are irregular instead 
of circular in outline. 

Crepe. This rubber has an irregular surface and is uneven in thickness, 
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due to the tearing which it un<iorgoes in the washing machine. This is 
the best washed cnide nihi)er and is, therefore, the purest. 

Tl'orm. Rubber produced by cutting irregular sheets into long, thin 
strings. 

Lace. Verj*^ thin, perforated sheets. 

Flake. Similar to sheets, except cut in thin strips. 

Block. Circular pieces about 10 ins. in diameter, made by pressing 
sheets, biscuits, or other forms, together. This form has a minimum 
e.xposure to the air. 

Scrap. The resid\ios obtained after tapping, rolled into baUs, or made 
into cakes, and .sometimes made into crepe. 

Reclaimed Rubber. This m.aterial occurs in cominorco in many 
grades, varjdng considerably in price. It Ls known as reformed, recov¬ 
ered, or regenerated rubber. The colors usually found are re<l, white, and 
black. Commercial samples of high-grade “floating stock” and a low- 


grade stock, “heavier than water,” 


showed on analysis {in round nu?nbers): 



Fioiiting 

Heavy 

Rubber. 

90.00 

57 00 

Aceton-sohible inaltt'r. 

4.00 

10.00 

Mineral matter. 

2.95 

30 45 

Combined sulphur. 

3.00 

2.50 

Free sulphur. 

0.05 

0 05 

Specific gravity. 

1.00 

1.17 


The rcclaiinod rubber offered to rubber-goods manufacturers is fre¬ 
quently designated according to its origin, as “gum-shoe stock,” “tire- 
tread stock,” “airbrake-hose stock,” etc. The processes of reclaiming 
may l>c consUlered under three groups: (1) the removal of textile fibers; 
(2) the removal of sulphur; (3) the removal of mineral matter. The 
separation of cotton fiber from scrap rubber can be ofYected by the flota¬ 
tion method. In this ca.se the shredded scrap is subjected to fractionation 
by means of an air blast. The heavier particles (the rubber compound) 
are left behind while the fiber is blown off. The most advanced procedure 
is that known as the Mitchell method (U. S. P. No. 395,987, issued in 1889 
to J. K. Mitchell of Philadelphia). According to this proccs.s, the waste 
rubber is immersed in an acid solution in a sealed vessel and subjected 
to pres.surc above the boiling-point, in fact 240® F., until the material 
is corroded and removable by washing, after which the waste is steamed at 
high pre.ssure to effect devulcanization. The removal of sulphur from 
scrap rubber is best accomplished by means of the Afarks alkali method. 
This is covered by U. S. Patent No. 635,141 granted to Arthur Marks 
in 1899. This consists in subjecting the ground rubber waste, when 
submerged in a dilute alkaline solution (for example, a 3 per cent solution 
of caustic soda) to the action of heat, say from 344_to 370® F. for twenty 
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hours, under conditions which prevent the evaporntion of any consider¬ 
able quantity of the solution. It is claimed for the process that it so 
removes vegetable fiber and sulphur from \mlcanized nibber, that when 
the product of tlie process is thoroughly washe{l to remove the chemicals 
there remains de\mlcanized nibber having substantially the characteristics 
of fresh rubber and capable of being used in like manner. In this process 
the caustic soda acts directly on the sulphur, and the rubber is softened. 
Another process used for the removal of free sulphur from scrap rubber 
is known as the '*Oil method” In this case the ground rubber scrap is 
mixed with rosin oil or with plant oils and this rnixtiire is placed in auto¬ 
claves at high temperatures. The sulphur of the rubber compound is 
attracted by the oil, the oil is sulphurized and the final result is a plastic 
product which can be added to fresh nibber compounds and revulcanized. 
For the removal of the mineral matter from old nibber goods it has been 
proposed to use the centrifugal method. In this case the ground material 
is treated with gasolene, benzol or other light solvent and the whole mass 
is placed in a centrifugal separator. Reclaimed nibber is frequently 
preferred by manufacturers to other organic fillers, because it docs actu¬ 
ally contain more or less rubber, even though this nibber content may 
be low. 

Organic Fillers. This group of compounding materials includes a 
great variety of substances which are valued because they possess a certain 
cohesiveness an<l they combine readily with most other fillers. Klaterials 
containing more than 0.5 or 1.0 per cent of moisture or “matter volatile 
at 150® C.” are generally barred from use. (1) Brown substitute is made 
by heating certain vegetable oils with pow'dered sulphur at higher tempera¬ 
tures. (2) White substitute is made by treating vegetable oils with dilute 
solutions of sulphur chloride. These oil substitutes are useful in compound¬ 
ing stock which is to be forced through a tubing machine. White floating 
substitute is a carefully prepared variety, valued because of its low specific 
gravity. The analysis of these substitutes includes a determination of: 
Ash, moisture, free sulphur, organic action soluble matter. (3) Pitch 
hydrocarbons include the pitch residue obtained from coal tar, the blown- 
pitch residue obtained in petroleum distillation, and the stearin pitch 
obtained as a side product in the manufacture of stearic acid. It should 
be remembered that coal-tar pitch contains mostly saturated hydrocarbons, 
petroleum pitch contains mostly unsaturated hydrocarbons, and stearin 
pitch contains more or less saponifiable matter which is capable of uniting 
with sulphur at high temperatures. “Kapak” is a valuable hydro¬ 
carbon prepared from Gilsonite and Elaterite and asphaltum. (4) Vege¬ 
table oils and waxes. (5) Animal fats and waxes. (6) Mineral fats and 
waxes including vaseline and paraffin. (7) The glue-tannin compound 
softened with glycerol is extensively used as an addition to rubber com¬ 
pounds. The use of animal glue as a valuable addition to rubber com¬ 
pounds has been known since about the year 1910. For this purpose glue 
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paste is treated with cresol, or tannin, or fonnaldeliydo or bichromates. 
\’aluahle pnxiucts are also ohtaineil l)y using two or more of these materials 
in conjunction with the glue. 

In 1922 I\empel (C. A. 1922, 2(>21) callcil attention to the fact that 
glue is one of tin* best mo<liiitns for incorporating gas carbon black witli 
rubber. In this way 100 parts of nibber have been mixed with 6S parts by 
weight of carbon black, without the latter being detected bj' the micro¬ 
scope. 

Phenanthrene, according to a patent issued to Phillips (U. S. No. 1,413,- 
557), in fpiantities of from 3 to 10 per cent, is incorporated in rubber mix¬ 
tures, before vulcanization. The purpose of tliis is to replace wax, in 
compositions used for tires, or for electrical insulation. 

One of the most interesting materials placed at the dispo.sal of the 
rubber-goods manufacturer in recent years is the gas carbon bhick pro¬ 
duced by the combustion of natural gas, with insufficient air supply. 
Tlii.s product is in such an extremely fine state of subdivision that it can 
be distributed throughout a mixing with alrno-'^t ideal uniformity. Its 
extreme “flufiine.ss” makes it <liffifult to handU*. but this problem has 
b(?en solved by making up preliminary' mixtures of nibber plus gas black, 
or glue plus gas black. These “master mixtures” are then use<l in small 
proportions in the actual factory' hutches. 

Mineral Fillers. This group of compounding ingredients includes: 
(1) Accelerating agents—substances which hasten the “cure.” (2) 
Strengthening agent.s—substances which increase tlie tensile strength ami 
decrease the extreme elasticity of rubber. (3) Weighting agents—.sub¬ 
stances which are added more especially to reduce tlie “price per pound” 
of the finished product. (4) Coloring agents. (5) Abrasive agent.s—for 
erasers. (G) Dehydrating agents which prevent the formation of blisters 
during vuilcanization. (7) Vulcanizing agents: sulphur is the es.sential 
ingredient of all nibber mixings which are to be vulcanized. 

Commercial antimony' penta-sulphide, know’n in the trade as crimson 
antimony, usually' contains from 15 to 17 per cent of free sulphur, and the 
vulcanizing power of that material is undoubtedly due to this fact. Anti¬ 
mony penta-sulphide also acts as a carrier of sulphur, so that rubber may 
be vulcanized by using it in conjunction with smaller quantities of sulphur 
than would otherwise bo needed. Goods containing sulphide of antimony 
will be colored red, but not all rubber-goods which arc red contain it. In 
recent years red oxide of iron and insoluble organic colors have been 
used as substitutes for the red color of the expensive antimony com¬ 
pound. 

Litharge and magnesia are usually classed as sulphur “carriers,” as 
it has been observed that compounds containing these materials vulcanize 
more rea<lily than those which do not. Rubber products containing 
litharge or any other lead compound will be colored black, hence tlie analyst 
concludes at once that white and light-colored products do not contain 
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any load. Barj'tcs, lithopone, zinc oxide, whiting, g>’psum, magnesium 
carbonate, as})ostos, silica, natural silicates, belong to a group of materials 
which are ust'ful in the production of white rubber goods. They incident¬ 
ally add body and rigidity to the product, and enable the manufacturer to 
sell his goods at a fair price. 


A considerable part of the whiting used in rubber-goods manufacture 
is known in the trade as “water-floated.” In this process the crude chalk 
mined in Kngland and France is mixed with water in large tanks in such 
a manner that the hea\'>’- particles of flint have an opportunity to settle to 
the bottom of the tank. By arranging these settling-boxes ten or fifteen 
in a series it is possible to obtain a product quite free from this contamina¬ 
tion. I he whiting so protluced can be bolted througli a “200-mcsh” 
wire screen without difficulty. 


Ciraj)hite, used to a large extent in steam packings, is prepared on an 
industrial scale by “air-flotation.” In this process the heavy particles 
containing alumina, silica and iron sink to the floor of the chamber while 
the lighter particles of graphite are blown to the farther end of the com¬ 
partment by means of a current of air. In the preparation of this mate¬ 
rial tlic method of “water-flotation” is obviously impossible, as the 
graphite has a distinct water-repellent property. 

It scorns necessary to correct the presumption that all these materials 
aie adulterants. Ihc tremendous elasticity of pure rubber compounds 
would be of little value to the user of airbrake-hose, rubber mats, and hot- 
water bottles. And it is chiefly for this reason that the manufacturer 
is constantly on the lookout for materials which will counteract this exces¬ 
sive elasticity and incidentally increase the tensile strength of the finished 
compound. This interdependence of “strength” and “stretch” in 

rubber-goods is a fact which cannot be ignored in the rational compound¬ 
ing of rubber. 

The coloring matters at the disposal of the rubber chemist are few 
in number, owing to the impossibly high prices of the brilliant pigments. 
The principal coloring materials now in use are: vermilion, antimony 
sulphide, red oxide of iron, ultramarine, lampblack, chrome yellow, burnt 
umber, and burnt sienna. Certain lakes of organic dyes have also been 
used successfully for coloring rubber compounds. 

The Plauson Colloid Mill. This apparatus was first described by 
Hermann Plauson (C. A, 1920, 3129) as a means for dispersing material by 
mechanical force. It is a form of rotating hammer mill. By employing 
very high velocities of the moving parts, and using large amounts of a 
liquid dispersion medium, colloidal dispersions can be made by mechanical 
disintegration alone. This mill has made it possible to produce ingre¬ 
dients of a fineness of 0.00001 mm. The former limit was about 0.001 mm. 
This fineness accelerates the rate of vulcanization, increases the elasticity 
of the finished compound, intensifies the coloring power of pigments, 
and increases a more complete adsorption of the sulphur. 
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Solvents. Organic solvents used in the rubber indnstr\' are few in 
number. In the “cold cure process’* the sulpluir cliloride is dissolved 
in carbon tetrachloride or in benzol. For the preparation of cements, a 
petroleum naphtha of <S5® Bd. is used. For washing the iron cores of rubber- 
covered rolls to aid the adhesion of the rubber compound to the iron, a 
highly volatile solvent is preferred. Naphtha of 8."»° Be. and pure benzol 
have been used for this purpose. For the removal of resins from low- 
grade rubbers, the material is extracted in special apparatus with .aceton. 
Since the opening of the war in Europe, a series of oils known as “ketone 
solvent’' have found successful application in resin extraction. They 
arc obtained from the distillation of hard woods and are designated as 
No. 1 Solvent (B. P. under 100° C.), No. 2 Solvent (B. P. under 150° G.), 
and No. 3 Solvent (B. P. under 200° C.). 

At this point mention should also be made of the crude carbolic acid, 
pine oils and rosin oils used in the reclaiming of rubber by the oil process. 

Textiles. The textile materials used in the rubber iiKUistr>^ include: 
(1) The cotton yarn used in the manufacture of jackets for cotton-rubber- 
lined ho.se; (2) hose duck, used for the manufacture of hose for convey¬ 
ing steam’ water, and air; (3) belting duck, used in the construction 
of belting for conveying ores and belting for power transmission; (4) auto 
tire duck, used for building the body of automobile tires; (5) packing 
duck, used in the construction of such products as “Manhattan, rock- 
hard, hydraulic piston packing." 

Asbestos fiber has been us<*d very successfully in the manufacture of 
high-prc.ssure packings used in iiKMlcni steam turbines. These are known 
a.s asbestos-rubber packings and arc marketed under such names as 
“Tauril" and “Durabla.” Heavy asbestos fabric interwoven with fine 
copper wire has been used for some time in the manufacture of “brake 
band linings” for automobiles. 

Rubber-goods. Manufacturing Processes. Tru.s/um;. The first opera¬ 
tion which is carried out at the rubber-goods factory is the washing of the 
crude rubber. The rubber washer is employed for the purpose of removing 
bark and wood and water-soluble impurities from the rubber. This opcni- 
tion may be eliminated from the factory as the plantation rubbers arc now 
put on the market in the washed and dried condition, and many manu¬ 
facturers arc beginning to discontinue the use of the wild unwashed rub¬ 
bers. This is a most desirable state of affairs, as the operations of washing 
and drying rubber can be conducted with advantage directly at the primary 
markets. Moreover the transportation of 20 to 40 per cent of worthless 
foreign matter is rather irrational. 

The washing operation consists in passing the crude material over and 
over again between comigated rolls while it is being sprayed by a series of 
fine streams of water. Rolls grooved in the form of a diamond are now 
generally preferred, especially in those cases where the sheets arc to bo 
transported some distance. The deep ridges in this case allow of a free 
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oirrulation of air, and thus prevent the formation of mildew. For use in 
the factory, it is stiggested that a battery of two maclunes be used. The 
first to have “rouRh-eut” rolls, the second to have “ medium-rouph ” 
.surfaces. A convenient size of rolls i.s 18 ins. diameter and 30 ins. long. 
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They may be driven hy individual electric motors, and geared to a dif¬ 
ferential speed of six revolutions (back roll) to five revolutions (front roll). 

A modern type of wa.shing machine, Figs. 375 and 376, is especially well 
adapted to the wasliing of scrap rubber is that known as the W. and P. 



Fia. 376. 


Universal. The arrangement of the rollers and the shape of the machine 
is such as to allow the washing to be done with the minimum pressure on 
the rubber. At the same time the sand and bark are discharged auto¬ 
matically as they leave the rubber. The product is in the form of rather 
thick pieces which must be creped before drying. In such a machine 
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300 lbs. of dirty African rubber can be washed in one-lialf hour, usiiiK 20 
horsepower. The machine requires little attention from the workman. 

Stevens (C. A. 1922, 1884) in his work for the British Rubber Growers’ 
Association showed that the development of mildew in “washed and 
dried” rubber, during transit, could not be prevented by spn'/ikhng a 
smoked sheet with sodium silico fluori<le. Good n^sults were, however, 
obtained by introducing the silico fluoride into the latex prior to coagulation 
of the milk. This treatment had no bad elTect on the \'idcanization of the 
rubber. 

Drying. The operation of drjnnp is most necessi\rj’, as moist rubber 
can under no circumstances be used for rubber mixings. If the material 
were to be put on the mixing rolls immediately after washing, much time 
would be consumed in heating the rolls and the rubber to a temperature 
which would insure the expulsion of the water. For this very simple 
reason the manufacturer in his facton,', or the grower on the plantation, 
dries his product. In the early days of the industry, nibber was hung 
up to dr>' for a period of six months, and tlie dr>'ing was done in special 
“lofts” through which a current of drj', warm air was pas.scd. Manu¬ 
facturers in America have replaced this time-consuming method by a more 
modern drying process. Those who have refused to adopt this method for 
mechanical rubber-goods may well be said to have dropped out of the 
procession. On the other hand, it is generally admitted that rubber for 
pure gum articles, clastic thread, and clastic bands should be dried by the 
older process. The modern vacuum dryer, has made it possible for 
the manufacturer to use the rubber twenty-four hours after it has been 
wa.shed—in fact, it may be taken directly out of the drying chamber and 
put on the mixing mill, thus avoiding the necessity of “breaking-<lown” 
the rubber. In the vacuum dryer the washed rubber is laid in pans after 
it ha.s been sprinkled with talcum powder (soapstone). An apparatus 
which will dry 2 tons of rubber in ten hours occupies a space 9' X 9' X 15'. 

In recent years there has been criticism of the vacuum dr>'cr as a 
means of removing the moisture from rubber, because of the conditions 
to which the material was exposed. As a result of these observations on 
many lots of rubber a form of dry kiln was finally developed. This 
involves a period of drying in humid air, followed by final drying. In 
this way the rubber is dried first internally, then externally, with the 
result that the product is of much higher quality in many particulars. 

Breaking doum, in the majority of cases, immediately precedes the 
mixing operations on the same machines. It is done for the purpose 
of rendering the rubber plastic and eliminating the innumerable air 
spaces which are noticed in the rubber as it emerges from the vacuum 
dryer, or from the old-style drying room. In order to “ break-down ” 
the material it is run on the rolls until it has become quite warm. In the 
case of Para rubber, a rather high temperature is required, and even 
then some time is consumed before this is accomplished. For this reason 
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hard, fine Para rubber is sometimes broken-down by the consumer in 
advance of the time when it is to be mLxed. After this operation the 
rubber appears in sheets 1 in. or ins. thick, with a rather smooth, 
shiny surface. It may then be put aside for any length of time until 
required. 

Mixing. The mi.xing operation has for its purpose, primarily, the 
admixture of some vulcanizing agent with the rubber. This then is the 
simple.st form of nibber mixing which can be produced. A glance at 
the interior of a rubber factory, or a look at a garden hose, which has 
passed through an intense fire tell us, however, that there are other 
materials besides rubber used in rubber mixings. These materials have 



Fio. 377.—Farrel Rubber Mixing Mill. 


been reviewed previously under “ Materials ” as Organic Fillers and 
Mineral Fillers. 

The mixing mill, Fig. 377, consists essentially of two hollow steel 
rolls revolving against each other. The front roll makes approximately 
16 revolutions per minute while the rear one makes 24. Suitable appli¬ 
ances make it possible to lead either steam or cold water into each of 
the rolls. This is most necessary when working very soft or very tough 
mixings. Ih the latter case, it is at times difficult to maintain the whole 
mixture in a state of plasticity, and then the operator can resort to steam 
for heating the rolls. As a result of the uneven speeds at which the 
front and the rear rolls revolve, the compound usually clings to the slower- 
moving “front” roll (the one nearest to the operator). If, however, 
the mix becomes very hot or the rolls are pressed too close together the 
compound will wrap around the back roU. In order then to bring it 
back to the front roll, the operator turns cold water into the rear roll and 
loosens the set screws which serve to jam the rolls together. It is impor-: 
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tant to note that the mixing operation must not be unduly prolonged, 
and for this reason the operator must use ever>' minute of his time to 
advantage when there is a “batch” on the rolls. If, for any rea.'^on, he 
has lagged, this will soon be apparent in the consi.'^tency of the mixture. 
It becomes ver>' hot and sticky an<l it is difficult to remove it from the 
rolls by the usual method of cutting off with a knife. A far more impor¬ 
tant result of this ovei^vorking is the defect known as “fatigue.” This 
being interpreted means that the rubber loses much of its rubber^’- quality, 
its “nei^’C,” and when the ^ailcanized product is tested for tensile strength 
and “stretch,” abnormally low figures arc obtain<‘d. A skilled mixer 
must be able to produce a homogeneous mixture of the rubber and the 
fillers, with a minimum los.s of material, in a reasonable time. This htst 
tenn will var>' with the character of the fillers which are used in the 
mixing. Thus magnesia and lampblack are verj' light and “fluffy,” and 
for this reason are quite difficult to incorporate with the rubber. The 
“time” factor is influenced also by the speed of the mi.xing rolls, the 
size of the mbeing rolls, and the total weight of the “batch” to bo mixed. 
Immediately after being cut from the rolls the batch weighing anj'where 
from 25 to 100 lbs., is thrown on the table in the batch storage room 
and is there sprinkled liberally with soapstone in order to prevent stick¬ 
ing to the table. If it is to be used at once it is transferred directly to the 
calender, while it is still hot. 

Calendering. The purpose of calendering the rubber “dough” or 
“batch” is to produce sheets of unifonn thickness, which can be vul¬ 
canized for steam packings, or for building up articles of greater thickness. 
The machine. Fig. 378, in almost all cases consists of three rolls placed ver¬ 
tically one above the other. If these be designated as No. 1, beginning 
at the uppermost roll, wc note that No. 1 and No. 3 revolve “clockwise” 
while No. 2 revolves anti-clockwise. The w'armcd nibber dough (or 
compound) is fed in between rolls No. 1 and No. 2. It then passes around 
roll No. 2 and finally between roll No. 2 and roll No. 3. As it emerges 
from these rolls is it led to a near-by winding roll which revolves nnti-clock- 
wise. A layer of muslin is wound between the layers of the sheeted rub¬ 
ber, while it is wound on the w'inding roll. This prevents the layers 
from adhering to one another. Fabrics which arc used in building up 
rubber belting, and automobile tires, have a thin layer of rubber com¬ 
pound applied to them on the “friction calender.” In this case the cal¬ 
ender is arranged so that roll No. 3 moves more slowly than roll No. 2. 
This differential speed causes the compound to be rubbed well into the 
fabric. 

Vulcanizing. The object of vulcanization is to produce a chemical 
union of rubber with sulphur, and thus obtain a material which will possess 
strength and elasticity. It was first observed by Charles Goodyear, of 
New Haven, Conn., in 1839, and later independently recorded by Thomas 
Hancock, of London, Eng., in 1843. These experimenters heated rubber 
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witli sulphur while the mass was under prcsfuire, but Alexander Parkes, of 
Birmingham, Kng., showed in 184G that thin layers of rubber may be 
vulcanized by immersing in a solution containing 2 or 3 cc. of sulphur 
chloritle in 100 cc. of such volatile solvents as carbon disulphide, carbon 
tetrahcloride, and benzol. The Goodyear method is known as the steam 
cure, and is carrietl out in an autoclave or in a press between plates. The 
Parkes method is known as the acid cure (or the cold cure), and is carried 
out by immersing the article in a tank containing the solution of sulphur 
chloritle. The poisonous character of the gas makes it necessary to use 



l''ia. 378.—Parrel Rubber Calendar. 


a hood in connection with this “dipping” method. The process of 
vulcanizing or “curing” rubber-goods by Goodyear’s method is influenced 
by several factors, among which may be mentioned: (1) the rubber which 
has been used; (2) admixture of “catalytic” agents to the compound; 
(3) proportion of sulphur in the mixture; (4) the temperature at which 
the goods are “cured”; (5) the time or duration of the cure; (6) admix¬ 
ture of basic, or dehydrating agents to the compound. The methods of 
vulcanization in use at the present day vary according to the kind of 
goods to be treated. Thus automobile tires, air-brake hose, rubber belting, 
toy balloons, and rubber overshoes are each cured according to a special 
method. These methods are known as: (1) steam cure, (2) dry heat 
cure, (3) press cure, (4) cold cure, (5) vacuum cure. 
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The Peachy Process. In 1018 S. J. Peachy was pranted British Patent 
No. 129,826 for a new process or metliod of vulcanizing rubber. Tlie njl>- 
ber is vulcanized in the cold by alternate troattnent with sulpluir dioxide 
and hydrogen sulphide, d'he two ga.'^es th(>n yiehl sulphur within the sul>- 
stance of the rubber. A solution of hydrogen sulphi<le in benzene may be 
used instead of the gas after treatment with sulphur dioxide. The process 
may be used for the vulcanization of rubber tlissolved in a s<)lvent such as 
coal-tar benzene. Sulphur dioxide is passed into the solution—hydrogen 
sulphide is passed into a second solution—and the two solutions are 
mixed. Or in other cases, one of the ga.ses may bo in solution in benzene. 

Uecovery of Gasoline. In the manufa<'ture of dippeil goods, rubber- 
proofed fabrics, brake-band lining, asbestos packing, and woven hose, it 
has been noted that a large volume of valuable gasoline is lost entirely, 
because of the methods used in exi>elling the gasoline sohamt from the 
rubber compound. In order to conserx'e this gasoline the Benzine Con¬ 
demnation Company has recently introduced an apparatus for the recovery 
of the solvent, so that it can be made available for further use. This 
process and apparatus is now in extemled use in this countrj'. 

Manufacture of Rubber-covered Wire. In this i)rocess both wild 
“Para” rubber and cidtivated “Hevea” rubber is used. The con¬ 
sumers of wire now recognize the fact that it is imf)ortant to specify 
the chemical and physical properties which the product must pos-sess. 
After washing and dr>dng, the rubber is mixed with sulphur, and certain 
minerals and organic materials, such as zinc oxide, talc, whiting, litharge, 
barytes, white lead, parafTin wax, montan wax, ceresin, and ozokerite. 
Other materials used in the mantifacture of insulated wire are: gutta¬ 
percha, balata, and coal-tar pitch. The.se materials are mixed with 
the rubber in the usual manner. The “dough” is then pres.sed on 
to the wire through dies, or it is applied in the form of a longitudinal 
strip which is pre.sscd around the wire in tubular form. Copper wliich 
is in direct contact with vulcanized rubber will suffer corrosion if there is 
an excess of sulphur in the compound. This in time will interfere with the 
insulating power of the covering, hence the copper wire is tinned, and 
wrapped with a thin layer of unvulcanizcd rubber before the final covering 
is put on. 

In the “Seamless Method” insulating, the compound is forced, 
while in a soft state, through a hole in a tubing machine. I’he diameter 
of the hole is equal to the desired outside diameter of the insulation on 
the wire which is being made up. The compound is forced out of the 
machine by means of a hollow screw. Through the center of the screw 
the copper wire is fed forward at a predetermined rate of speed. 

In the *‘Seam Method” thin sheets of rubber are passed though spe¬ 
cially grooved rolls through the center of which the wire to be in.sulated 
runs. These sheets are pressed tightly around the wire, and locked 
together by means of a scam automatically formed by the rolls. The 



1124 


INDUSTRIAL CHEMISTRY 


edges of tlie upper and lower sheets of rubber are folded into each other. 
\’ulcanizution is carried out by placing the covered wire in a chamber 
containing .stetini under pressure, or—heated air. The temperature in 
the vidcanizer varies from 120 to 150® C., and the duration of the treat¬ 
ment varies from one hour to two or three hours, depending upon the par¬ 
ticular product which i.s being manufactured. 

Products. Manufactured rubber goods may be roughly divided into 
those containing textile fibers and those which do not contain this material. 
"I’liis is a distinction which would be made by a reclaimer of old rubber 
goods, because of the fact that different methods of reclaiming must 
be ajiplied in the two cjises. In the first division we find automobile 
tires, garden hose, railroad hose, belting for power transmiSvSion and 
conveying, door-mats, and fire hose. 

In the secoTul division we find the major portion of all druggists’ 
suntlries, erasers, elastic bands, dental gum, stamp gum, steam packings 
and laboratory tubing. Other nibber products are: rain-shoes, rain¬ 
coats, cements, “Ebonite” combs, bath sponges, insulated wire, thread 
for elastic webbings (suspenders and stocking garters), football bladders, 
toy balloons, syringes, soles and heels for shoes. 

Ebonite, or hard rubber, is the term applied to the product obtained 
when rubber is mixed and vulcanized with high percentages of sulphur. 
In this ciise the compounder uses as much as 30 lbs. of sulphur for each 
100 lbs. of rubber used in the recipe, while in the usual rubber mixings he 
would use from 5 to 7 lbs. of sulphur for that much rubber. Investigation 
has sliown that rubber is capable of combining chemically with 
var>dng amounts of sulphur, but this remarkable “power of accommo¬ 
dation” has not yet been sjxtisfactorily explained. 

S 3 mthetic Rubber. The first record of any attempt at preparing 
rubber in a laboratory is that of Bouchardat (France) who in 1879 claimed 
that he had polymerized isoprene to rubber by means of strong aqueous 
solutions of hydrochloric acid. Tilden (England) in 1882 claimed that he 
had produced rubber by treating isoprene with nitrosyl chloride. Konda- 
kow (Russia) in 1901 published a paper on the polymerization of dimethyl- 
2, 3-butadiene-l, 3 in which he described a product which was tasteless 
and odorless and which possesses many of the chemical and physical 
properties of rubber. In 1909 Fritz Hofmann and Carl Coutelle (Ger¬ 
many) stated for the first time the exact conditions under which rubber 
may be synthetized. The time and temperature required and the con¬ 
centration of the solutions needed for its successful preparation. The 
patent describes a process for heating synthetic isoprene with or without 
the addition of neutral, acid, or alkaline catalysts at a temperature under 
250° C. Harries (Germany) in 1905 defined the rubber hydrocarbon 
as a highly polymerized l-5-dimethyl-cyclo-octadien-l-5 and in 1910 
he published the first scientific paper on a Synthesis of Rubber from 
Isoprene. Perkins (England) in 1912 presented a paper on the “Pro- 
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duction and Polymerization of Butadiene, Isoprene, and their HomoloRfS.*' 
^^’orking in conjunction witli him l''«Tnl)aeli anci Strange (France) pro¬ 
posed to prepare butyl alcohol aiul acetone at a low price from starch by 
fermentation. The succes.sivc stages of this s\Tithe.sLs are; Butyl alcohol— 
monochlor butane^—dichlor butan(*—butadiene. Another method worked 
out by the S>mthetic Products C’ompany (ICnglanti) may be outlined as 
follows: Aldeliyde—Aldol-1.3.butylenoglycol—the dichloridc of this gly¬ 
col—butadiene—rubber. One of the most important observations thus 
far made was noted .separatelj’ by Harries and by Matthews. This 
is the formation of rubber by treating i.soprene or its analogs with a small 
quantity of .sodiuni or metallic amalgam either in the cold or with the 
application of moderate heat. In his papers of 1911 and 1922 Harries 
described substances which he designated “Normal isoprenc caoutchouc,” 
“Normal butadiene caoutchouc,” “Normal dimethyl butadiene caout¬ 
chouc,” “Sodium butadiene caoutchouc,” “Sodium isoprenc caoutchouc,” 
and “Sodium dinu'thyl butadiene caoutchouc.” 

S>'nthetic rubber is “isoprenc polymerized to a rubber-like substance.” 
There are, however, certain other substances which must be classed as 
i.someric or homologous rubbers. The lOlberfeld product was first tested 
out on a commercial scale in the Continental Kautschuk Fabrik in Han¬ 
nover. Duisberg in 1912 at a meeting in New York City exhibited a 
hemisphere of this material weighing over 300 lbs. 

Isoprenc luus Ixicn carefully studied by a number of chemists wlio 
dcscrilK* it as a hydrocarbon having the formula CsHs, the boiling-point, 
34® C., the specific gravity, 0.6989, at 0® C. On heating to 260® C. it 
polymerizes to diptmtenc. Although polymerization to nibber may occur 
at low temperatures, it appears that the products obtained at higher 
temperatures are more constant in composition. 

Vulcanization Accelerators. After synthetic rubber had been pre¬ 
pared it was noted that it would not vulcanize in the usual manner and 
this was probably due to its extreme purity. 

The use of piperidine for facilitating the vulcanization of natural or of 
synthetic rubber was first published by the Farbenfabriken of Elbcrfcld. 
This was disclosed in German Patent No. 265,221 of November 16, 1912 
(C. A. 1914, p. 435), and German Patent No. 266,619 of December 25, 1912, 
and No. 255,680 of Augast 8, 1911. 

Piperidine was the substance first mentioned, but many other amino 
compounds have since been tried out with good results. The most com¬ 
monly used material is amino-benzol (aniliu) and its principal application 
is in the vulcanization of automobile tires. In this way the time of vul¬ 
canization has been cut down from seventy-five to fifteen minutes and the 
output of the factories has been proportionately increased. This is one 
of the discoveries which has made it possible for factories to turn out as 
many as 10,000 tires per day, using the same number of vulcanizing auto¬ 
claves as was formerly required for 3000 tires. 
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The organic substances thus far recognized as accelerators of vul¬ 
canization include: quaternarj' ammonium bases, para-diamino-benzene, 
piperidin, quinolin, urea derivatives, ethylidine anilin, hexa-methylene- 
tctrainin, thio-carbanilid, anilin oil. In addition to these wc might 
mention diphenyl-guanidin, an accelerator which, witliin the last few 
years, was introduced by the Dovan Chemical Corporation of New York 
City. This substance is today, without doubt, the most popular 
and most desirable of all the accelerators at the disposal of rubber 
chemists. 

The solubility of selenium in rubber is given by Williams (C. A. 1923, 
3807) as less than 5 parts in 10,000. The element may be conveniently 
distributed in rubber by adding it along with sulphur in the form of a 
fused mixture. Although selenium alone will not effect vulcanization, it 
does by its presence accelerate vulcanization. A mixture of 94 ozs. of 
rubber, 5.11 ozs. of sulphur, and 2.19 ozs. of selenium, was vulcanized in 
half the time required for a mixture of 94 parts rubber and 6 parts of 
sulphur. Little or no selenium combines with the rubber. It is difficult 
to extract from vulcanized rubber the uncombined selenium by means 
of aceton. 

Improvement of Raw Rubber, Spence and Russell propose to treat 
low-grade rubbers with metallic sodium while the rubber is free from 
water (U. S. P. No. 1,112,938 issued 1914). In 1912 a method was 
proposed for improving “tacky” rubber by treating it with 5 per cent 
of a metal such as sodium, or a derivative such as sodium ethylate. The 
materials arc mixed in a machine at a temperature below 100® C. and 
afterward washed with water. 

The Vulcanizing Process. The principal observations which have 
thus far been made are: during the vulcanizing process a certain amount 
of the admixed sulphur is altered in such a way that it can no longer be 
extracted with aceton. This is designated “combined sulphur,” while 
that which can be extracted is known as “free sulphur.” No process is 
published at this time for the removal of the combined sulphur from a 
finished product. Vulcanization begins at temperatures as low as 50® C. 
and proceeds rapidly with increase of the heat. Rubber which has been 
vulcanized with sulphur chloride contains both sulphur and chlorine in 
chemical combination. Many chemists claim that vulcanization is a 
process of adsorption. Spence, Galletly, Scott and Young have conducted 
extensive experiments in order to obtain definite data on the chemical 
changes which take place and Hinrichsen has found that the concentra¬ 
tion of sulphur chloride in cold vulcanization has little effect on the com¬ 
position of the vulcanized product formed. Wo. Ostwald in 1910 brought 
out his “adsorption theory of v\ilcanization” and by means of it has 
explained many points. As there is an “adsorption equilibrium,” all vul¬ 
canized rubber contains some free sulphur. He also shows that vulcani¬ 
zation is a “reversible process.” As a matter of historical interest the 
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name of Carl O. should bo inontionod as his investigations pub¬ 

lished in 1894 wore among tlic earliest made in this field. 

Gums Related to Rubber. Chick. This is a gum obtained from the 
latex of Achras sapota, at present haiwested chiefly in Mexico. The 
Achras known to the Maya Indians of Vucatan yields a milky s:ip which 
exudes when wounds are made in the rougli bark. According to trade 
reports, the tree is fountl all over the penins\da. The trees yield on an 
average 6 to 8 lbs. of gum. First-class, well-cooked chicle is nearly white 
when fresh and clean. If the gum is overcooked it turns redtlish. Then 
again certain trees are known to yield a reddish g\im under ordinary 
conditions. Good specimens are elastic, firm, aromatic and tenacious. 
Tschirsch was able to Isolate at least six different substances from chicle, 
as follows; a-chiclabane, in.p. = 220; ^-chiclaban, m.p. = 158, ■y-chicla- 
ban, m.p. = 86; Chicifluavil, rn.p. = GG; chiclalbanan, m.p. = 56; and 
chiclgutta. Bosz and Cohen have also examined chicle, but they have 
chosen a different terminologj' for the substances i.solated. 

Cheiciug Gtnn. In 1910 there were imported into the United States 
sir million pounds of chicle, nearly all of which was used in the manu- 
fact\ire of “chewing gum.” For this purpose the cleaned and dried 
gum is mixed with flavoring matters, plea.sant smelling oils, and fillers. 
Uarling has suggested the use of Pontianak gum for the manufacture 
of chewing gum, and this material is used for this purpose at present. 
Plantation crepe rubber is also used after suitable treatment. The purifica¬ 
tion processes for chicle used in chewing gum must be such as not to affect 
the flavor or the plasticity or the weight of the gum to any marked extent. 
On the other hand, it is most desirable to remove from the crude gum: 
silica, sand, bark, and vegetable matter. The “color” of chewing gum 
has only an esthetic value. 

Balala. This gum is obtained chiefly from Mimusops globose, which 
grows in Dutch Guiana. It is the mo.st important technical substitute 
for gutta-percha; in fact, no satisfactory methods for distinguishing one 
from the other are known at this time. Balata occurs in commerce as 
leathery elastic sheets which soften at 50® C., become plastic at 100® C., 
and melt at about 150® C. One commercial sample showed on analysis 

in round numbers: 


Moisture. 

Ash. 

Resin, soluble in alcohol. 

“Gutta,” soluble in chlorofonn 
Residue. 


2.0 per cent 
1.0 
42.0 
45.0 
10.0 


Boiling liquids remove varying percentages of soluble matter from com¬ 
mercial samples, as follows: Water, 5.7 per cent; alcohol, 41.5 per cent; 
aceton, 42.5 per cent; ether, 87.00 per cent; chloroform, 87.00 per cent. 
The material ofifered as gutta-percha is frequently the product of 
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the Mimusops plant. Balata is at present used extensively in the manu¬ 
facture of belting for power transmission. It appears to have an advantage 
over rubber belting, in that it is practically unchanged by exposure to high 
temperatures, such as w’ould be encountered in ordinary power trans¬ 
mission. Balata is also used to a large extent in the manufacture of ladies’ 
“dress-shields.” Both gutta-percha and balata can be vulcanized after 
they are deresinated. 

Pontianak. This gum is frequently designated “dead Borneo,” or 
Jolutong, or Pontianak, after the port from which it is shipped. It is 
obtained from several species of Dyera. It occurs in commerce as a gray¬ 
ish-white mass resembling burnt lime. Closer inspection shows that it 
contains large quantities of w'ater. An analysis of the crude material 
as received at the factory show’cd (in round numbers): 


Moisture. 60.0 per cent 

Bosins. 30.0 

Rubber. 10.0 


100.0 per cent 

This material is wa.shod, and dried in the air, and then mixed with oils or 
greases, in order to drive off the last portions of water. 

Pontianak, because of its large resin content, is eminently well suited 
for the production of so-called “friction compounds” used for coating 
belting duck. It penetrates the interstices of the fabric very readily, 
and so makes possible a strong adhesion among the several layers of duck. 

In 1910 a large company was financed in America for the extraction 
of the resins of Pontianak on the island of Borneo, before shipment. The 
product of the factory is a sheet closely resembling the lower grades of 
wild rubber. The natural product is now exported in the original form 
(with resins and water). 

Gutta-percha. This gum is obtained from the latex or milk juice of 
several trees found native in the Malay, Borneo, the Guianas and in 
New Guinea. The latex is coagulated by boiling it with acid juices 
in small pots. The principal gutta-yielding plant is Palaquium gutta 
syn.; Isonandra gutta, and Dickopsis gutta). The first note made of 
the properties of gutta-percha was by Montgomery in Singapore in 
1832. Commercial samples soften at 60° C., liquefy at 140° C., and 
fuse just before vaporizing at 190° C. The gum is more or less soluble 
m ether, chloroform, carbon tetrachloride and carbon disulphide. It 
is insoluble in water. In the usual organic solvents the gum at first 
swells slightly to a transparent mass, and then yields, on shaking in the 
cold, a homogenous solution. Petroleum ether of boiling-point below 
40° C. does not dissolve gutta, but it does dissolve the resins; hence 
this may be used for a determination of the latter ingredient in commercial 
samples. The specific gravity of gutta-percha and balata varies from 
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0.9604 to 0.9619. The re.sin content varies from 5 to 55 per cent and 
the softne.ss increases with tlie resin content. Caspar! found that sulpluir 
chloride is absorbed by giitta and baluta in the same way as by rubber. 
Sulphur was found by him to vulcanize all three hydrocarbons. 

Gutta-percha is used by dentists for “temporary fillings”; the most 
important application is, however, in the in.«ulation of submarine and sub¬ 
way cables. This was first proposed by Werner Siemens in 1847, and was 
the basis on which Cjxus Field in 1857 laid the first transiitlantic cable. 
It is used for the “core” of golf balls, because of its lightness ami resiliency. 
Certain brands of ladies’ “drcs.s-shields” are lined withthin sheets of gutta, 
and in recent years similar “tissue” has been used by tailors as a cement 
for mending fabrics. For this purpose the thin sheet of gutta is placed 
between two layers of cloth and then partially melted by pressing with 
a hot sadiron. 
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VARNISH 

A. H. SABIN 

Consulting Chemist, National Lead Co., formerly Lecturer on Paint and Varnish, 

New York University, New York City 


Definition. Varnish is a liquid, designed to form films to cover sur¬ 
faces, which on exposure to the air hardens and forms a more or less 
transparent and glossy coating which improves or better displays the 
surface to which it is attached and to some degree protects it from dirt 
and injury. 

Classes of Varnish. Varnishes may be divided into two classes: those 
which harden by evaporation of the solvent; such are spiriWamishes; and 
those which absorb oxj'gen from the air and by chemical changes are made 
into hard films; these are oleo-resinous varnishes, and constitute the 
largest, most important and varied kind, used for a great variety of pur¬ 
poses. 

Spirit Varnish. Spirit varnishes consist of suitable solids, dissolved 
in volatile solvents; the most important is shellac, which may be regarded 
as typical. It consists of dry shellac resin dissolved in alcohol, and when 
spread out in a film the alcohol evaporates, leaving the resin as a thin 
layer over the surface to which the varnish has been applied. It will be 
evident that the alcohol has served practically as a mechanical means of 
spreading the resin in a thin and uniform film; its cost is to be added to 
that of the labor, and the use and wear of utensils, required in applying the 
varnish, as all that we have at the end of the work is the film of resin. 

Shellac Varnish. Gum-shellac, as the shellac resin is called, is usually 
in thin elastic flakes of a yellow or reddish or brownish-yellow color. 
Shellac may be bleached by dissolving it in an alkaline aqueous solvent 
and then treating it with chlorine; the shellac precipitates when the 
alkalinity is removed, and is white. This is dried and looks much like 
pieces of white candy; it is then coarsely ground; it cannot be dissolved 
easily, as it is in grains and sinks to the bottom; it is therefore necessary 
to agitate it, usually in a revolving barrel or chum; this is the way 
orange shellac is made on a large scale. The latter is soluble in 85 per 
cent alcohol, though it is more satisfactory to use stronger; but white 
shellac already contains some water (about 5 per cent) and requires 95 per 
cent alcohol. Wax may be removed from shellac by filtration from an 
alkaline aqueous solution. 
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Insoluble Shellac. White sliellac is liable to pass into a modified form 
insoluble in alcohol; this especially is likely to occur if heated above 
ordinarj' temperatxires or if kept in a «lry place too loti^. For some pur¬ 
poses it is desirable to get ri<l of the o to 10 per cent of water in white 
shellac before tlissolving it; it is spread on trays in a dr>'ing room, but 
not heated verj' much: it is better to use artificially dried air at ordinurj' 
temp<.‘rature; in any case it niust be dissolved as soon as possible. 

Shellac varnish dries by the evaporation of the solvent, and appears 
to dry almost immediately; b\it .some of the li(iui<l is retaine<l for a time, 
and it is not practicable to apply many coats in rapid succession, or it 
will be found that the whole has a waxy character, persistent aiul troubk^- 
some. 

Shellac Varnish Imitation. \Mien shellac varnishes are high in price, 
imitations arc sold, consisting of rosin, spirit soluble manila copal and wax 
to imitate the opa<iue appearance of pure shellac. Generally a small 
quantity of shellac is added to keep the wax in suspension. The brown 
color is imitated by adding alcohol soluble orange. These imitations are 
very inferior in working qualities. 

Damar Varnish. Alcohol is not the only solvent used in making 
spirit varnishes. Damar varnish is damar resin <lissolved in spirit of 
turpentine, and dried by the evapor.ation of the latter. Both this and 
shellac arc often adulterat<*d with common rosin, or colophony. Damar 
may be dLs.solved cold, in a churn; .some pulverize it before di.«solving; 
or make it with the aid of heat, preferably in a steam-heated vessel. The 
varnish Is a milky liqui<l, but may be cleared by filtratitm or otherwise. 
If made hot it can be cleared more easily. Ihe film is transparent and 
practically colorlc.ss. 

Mastic and Sandarac Varnish. Sandarac is another rosin usually dLs- 
solved in alcohol; another is ina.stic; both are also mostly soluble in 
spirit of turpentine, which in the general solvent for mastic. Amyl and 
methyl alcohols are for some resins better solvents than ethyl alcohol; and 
acetone addend to alcohol greatly increa.ses its solvent power. 

Petroleum benzine is very commonly added to turpentine to cheapen 
it; it has the advantage of evaporating more readily and perfectly, and 
some of the heavier grades are for many purposes equal and perhaps 
superior to turpentine. 

Mastic and sandarac varnishes arc no longer in any considerable use 
in this country. The spirit varnishes just mentioned arc intermediate 
l>etwcen the oleorcsinous varnishes and the lacquers, although the latter 
name is derived from lac, and the name lacquer was formerly used for their 
spirit varnishes, especially those used on metal; but in the last few' years 
it has been applied to a special type of spirit varnish, based for the most 
part on pyroxylin, which have become so important as to require a 
section for their description; hence they will not be considered in this 
chapter. 
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Oleoresinous Varnishes. The greater part of the varnish made is 
compounded of oil, resin, and spirit of turpentine, and is of great variety 
of composition and uses. Almost all the oil used is linseed. A little 
tung, or Chinese wood-oil, is used, but inconsiderable in amount as com¬ 
pared with linseed. This oil is usually subjected to some preliminary 
treatment; it is, as purchased from the makers, well settled and hltered, 
and free from cIoudincs.s; it may be remarked that a mere trace of water 
causes a cloud, and the not uncommon belief that oil must be freed, by 
some treatment, from water and “mucilage ” is a mistake, as oil of ordinary 
good quality is quite free from such things. 

Breaking. Freshly made oil, if heated to 400° F., suffers a slight par¬ 
tial decomposition; gelatinous elots appear in it, and it is said to “break”; 
this is due to the phosphates it contains, and any treatment which will 
destroy these will prevent its “breaking.” A common way is to add, 
with agitation, a little sulphuric acid; the oil is afterward washed with 
water, and is found to be bleached somewhat; it may be bleached more 
by agitating warm, with fuller’s earth, and filtering; but not all the 
color can be removed by any known means. What is known as “varnish 
oil” has been treated in some way so that it does not break; and if such 
oil is heated quickly to about 500° F. and cooled, it is found to be con¬ 
siderably bleached. This is a common practice. Sometimes a very small 
amount of some lead or manganese compounds are added before doing this. 
It is usually put through some such treatment and allowed to settle for a 
month or more before being used in varnish. 

Resins. Asphaltum is a mineral, but practically all the resins used 
in varnish are of vegetable origin, and most of them from tropical or 
sub-tropical countries. They exude from trees, where the bark is injured, 
and form lumps varying in size from very small pieces up to masses of 
many pounds weight. In a few cases resin which is collected from living 
trees is used; but for the most part the varnish resins are dug up from 
the ground, the trees having fallen and decayed, and the lumps of resin 
having become buried, sometimes as much as six feet below the surface. 
Having for many years been thus buried they have undergone change, 
become harder and better suited for use. After being dug up, cleaned, and 
sorted, the resin is packed in boxes or bags, and in this condition market 
resins are bought at prices ranging from about 76 cents per pound for the 
choicest sorts to as little as 5 cents per pound for some inferior kinds. 
Probably a fair average price (1929) would be about 30 cents. The 
valuable qualities are clearness, hardness, high melting point, pale color, 
luster, and perfect solubility, after melting, in oil. As a rule these resins 
are not soluble in oil or in spirit of turpentine or benzine; but after melting 
they are found to be so changed that they dissolve in hot oil. 

Melting Resins. Most resins require a temperature of 550° to 650° F. 
to melt them properly, and in so doing they lose 10 to 25 per cent of their 
weight. If this is done in the laboratory with proper precautions it will 
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be found that the temperature of the melted mass is much hipher than 
that of the vapor, showing that chemical decomposition has occurred. 
All light-colored resins darken on melting. The greater part of the dis¬ 
tillate can be condensed to a liquid; this is not done in this countn.', but in 
England and Europe it is common, partly because by refining, the liquid 
may be made use of as a turpentine substitute, and partly because it pre¬ 
vents the escape of gases which may be thought objectionable in residence 
sections of cities. 

Copal. Copal is a popular or trivial name applied to varnish resins, 
about as indefinite in its meaning as the term “metal.” It was originally 
a Central American native word, and was applied to any resin. It is now 
used only for varnish resins, but does not designate any particular sub¬ 
stance. In the varnish factory resins are commonly called “gums,” 
altliough true gums, such as gum-arabic, are water-soluble. Colophony 
is alway.s, and correctly, called rosin, and is never spoken of as a gum. 
Gum-varnishes mean oleo-resinous varnishes free from rosin. 

Varnish Nomenclature. One hundred pounds of resin is the conven¬ 
tional unit, and varnishes are described as containing .so many gallons of 
oil to this 100 lbs. of resin, weighed before melting. Thus a 20-gal. Kauri, 
or 20 K, is a vami.sh made from 100 lbs. Kauri resin, 20 gals, linseed oil, 
and (probably) 30 gals, spirit of turpentine, the amount of the latter not 
being mentioned. The grade of resin may also be mentioned; thus, 
“20 Brown 3 half benzine ” would be 100 lbs. Kauri of the grade known 
as No. 3 Brown Kauri, 20 gals, oil, 15 gals, spirit of turpentine (turps for 
short), and 15 gals, benzine. This is a fairly accurate description and any 
vamish-rnukcr would recognize it. One hundred lbs. of any resin counts 
for about 6 or gals, in the batch; turps weighs 7.2 lbs. and benzine a 
little more than 6 lbs. per gal. 

Varnishes are also classified as “long ” and “short,” the former hav¬ 
ing more oil than the latter. Naturally, this is a variable division; but, 
generally speaking, varnishes containing 20 gallons or more of oil may 
be spoken of as “long,” and 12 gallons or less as “short.” Long varnishes 
are clastic, short ones hard. The most important short varnishes are 
nibbing and furniture varnishes, and of the long are spar and wearing- 
body. 

Spar varnish is so called because designed to varnish masts and spars 
of ships, and contains from 25 to 50 gallons of oil, and all hard resins, the 
best being half Kauri and half Zanzibar, or some approximate equivalents. 
Wearing-body is also called carriage-finishing and is the finishing or wear¬ 
ing coat for carriage bodies, and contains 30 to 35 gallons of oil; the wear¬ 
ing coat for the wheels and understructurc being somewhat harder, 22 
to 27 gallons and called “gear” vaniish. “Marine” is usually a cheaper 
grade of spar, and as now made always contains some tung oil. “Hard- 
oil finish” is or should be a hard-drying and rather cheap rosin varnish 
for interior house-finishing, considerably inferior to the standard interior 
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varnishes. “Coach” is cheap rosin varnish, never used in coach-painting; 
its name is illegitimately derived from coach varnish of former times, which 
was a rather quick-dr>’ing medium-grade varnish. “Gloss-oil” is a solu¬ 
tion of rosin in benzine, about the poorest thing made in a varnish factory. 

Floor varnishes contain usually 15 to 18 gallons of oil, and the oil and 
resin should be very' thoroughly cooked together. Probably most of them 
contain tung oil; but the best of the floor varnishes made before its advent 
have not been excelled. 

It is now not uncommon to hasten the drjdng of varnishes by placing 
the varnished objects in an oven or hot room, at a temperature of 40® 
to 55® C. (105® to 130® F.). Twenty-four hours is usually the time for 
baking, but in many cases the maximum temperature is maintained only 
six to eight hours, and allowed to fall gradually. Metal objects, as auto¬ 
mobile bodies and railway coaches, are subjected to higher temperatures 
than wooden ones. As the heat increases chemical action, these varnishes 
are often made without driers, and this makes them more durable; it also 
keeps the film in a semi-liquid state during oxidation, when it would other¬ 
wise be more like a jelly, and thus has the effect of making it more con¬ 
tinuously adherent to the foundation, more impervious, harder and 
smoother; better in every way. The low fusion point of common rosin 
makes it a suitable ingredient in these varnishes, and good results are 
obtained with baking varnishes containing a considerable proportion of it; 
hence baking varnishes contain little or no drier and may have more rosin 
than would otherwise be admissible. 

The most important changes in this industry which have occurred 
during the present century are due to the use of tung (or China-wood) oil. 
This not only dries rapidly, but makes the film much harder than that of 
linseed oil, and has remarkable water-repellent quality. In its natural or 
raw state it is not used; if raised to a high temperature it becomes a jelly 
which^^is worthless; but if carefully heated for one or two hours at 205® 
to 217® C. (400® to 420® F.) it becomes more viscous, like stand-oil, and 
has acquired new qualities. To do this more safely it is customary to 
dissolve in it at least one-third as much rosin, by weight, as there is of 
tung oil; more commonly an equal weight or more. Thus a rosin varnish 
is made, which may be used by itself or added to a linseed oil and resin 
varnish. Some vamish-makers add linseed oil to the raw tung oil and 
cook the mixture, and then use it as they would linseed oil alone, to make 
oleo-resinous varnishes; but by far the more common practice is to make 
a tung-oil-and-rosin varnish. 

These varnishes dry with remarkable quickness and will stand unusual 
tests; they are thought by some makers to be of great durability and prob¬ 
ably they are when the exposure is so severe that no varnish will last long; 
but some of the most experienced makers insist that in ordinary usage 
they become hard and brittle with age, and cannot be depended on for 
very prolonged use. 
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It hns always boon thought by most of tho makers of the varnishes of 
strictly vegetable resins with linseecl-oil that the ver\' best and most durable 
products contain half or more of the hardest resins, like Zanzibar; the less 
hard ones, like Kauri, make, when used alone, varnishes valuable for some 
uses, but not of the utmost tlurability or general excellence. Tlie highest 
standards are of tlie former typo, which should lx> used in comparing 
varnLsh-films of various sorts. 

Linoxyn. \\'hen linseed oil is exposed to the air, either by blowing 
air through it or hy exposure in thin films, it is changed into an elastic 
substance, not sticky or greasy to tlie touch, called linox-yn. This is 
an o.xidation product, and weighs considerably more than the original 
oil, probably about one-fifth more; different experimenters have rtxached 
various results. Its specific gravity is higher than that of the oil; and 
it is apparent that the latter ha.s contnicted in volume as well as increased 
in weight. This pnxluct is insoluble in oil and in turpentine and most 
of the other oil-solvents, and is the ela.stic ingredient of oil-paints and 
oleo-rcsinous varnishes. When oil is spread out in a film and exposed 
to the air it does not for some time appear to change, but after a certain 
time it rather suddenly changes into a semi-solid, gelatinous, sticky 
condition; up to this point, being a liquid, any contraction which may 
have occurred causes no notable change; but now a somewhat solid 
film quickly forms, in which contraction produces a state of tension. It 
is obvious that if this film is at all inclined to be porous, contraction will 
open the pores, because it stretches the solid part of the film away from 
the openings; and this is probably the cause of the porosity of dry linoxyn 
films. 

If, therefore, we can add something to the oil which will act as a flux, 
and postpone this preliminary setting until the compound, by absorbing 
more oxygen, Ls in a more stable condition, wc shall decrease the final 
porosity of the film. This is probably what wc do when we dissolve a 
resin in the oil. The resulting compound—varnish—docs not kike its 
initial set until it is more completely oxidized, and the film thus formed is 
more nearly free from pores than a pure linoxyn film. 

Varnish Films. Such a film hns two other advantages. First, it Ls 
harder, and resists abrasion better, and it is smoother, which lias the 
same effect; second, as the liquid varnish is more viscous than oil, It 
may be applied in a somewhat thicker layer, and a thick film is more 
lasting than a thinner one. The most obvious quality of a varnished 
surface is its smoothness and lustrous appearance; its brilliancy depends 
not only on its smoothness, but also on its high refractive power as regards 
light; those varnishes having the highest refractive indices being the 
most brilliant. This is increased, in general, by increasing the proportion 
of resin. 

Outfit for Making Varnish. The vamish-makor’s outfit is very simple. 
A vamish-kettie is a cylindrical copper vessel, about 36 ins. in height 
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and from 30 to 36 ins. in diameter, with a flat bottom. It has a loose 
cover, which is provided, in the middle, with an upright cylindrical outlet 
or “cldtnney” about 5 ins. in diameter and 8 ins. high; it has also a hole 
in it for a stirring-rod; and some styles have an opening for a large funnel. 
1 he kettle is loosely set on an iron truck or wagon, with three or four 
wheels, so built that tlie bottom of the kettle, which rests on a ring only 
slightly less in diameter than itself, is not more than a couple of inches 
above the floor, lliere is a fireplace, consisting of a round pit sunk below 
the floor level, lin(*d with fire-brick and having a grate, under which is 
an ash-pit and suitable air-flue, and nearly over which, a little in the rear, 
is a spacious chimney, hig. 379, which carries off the products of combus¬ 
tion and .also the vapor from the kettle. The fuel is coke, which bums 
freely and without much flame, which might set fire to the kettle vapor. 



Fia. 379.—Varnish Stacks. 


Within recent years coke has been to a large extent replaced by fuel 
oil (furnace oil) which is burned as a spray in a blast of air from an electric 
blower. This gives a more concentrated and intense heat than solid fuel, 
and has many advantages. The stirring-rod is of stiff steel, 5 or 6 ft. long, 
with a wooden handle. There is a large funnel, for use in pouring in oil, 
which may be put into the chimney in middle of the cover, or into a special 
opening in the cover near one side. 

Varnish-kettles arc also made of aluminum and of monel metal; these 
discolor the varnish less than copper. Steel riveted kettles are also used 
for making black varnishes; and hemispherical cast-iron ones are known 
as japan-kettles; on account of their shape it is easy to thoroughly stir 
the contents; they do not usually have covers. 

Varnish-making. The resin is placed in a vamish-kettle and wheeled 
over the hot fire. As the resin melts, the escaping gases cause foam, which 
makes it necessary that the kettle should be of considerable height and 
capacity. In about half an hour all the resin is melted; some vanish- 
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makers melt with the thennometer in the molting rosin, others depend on 
feeling tli<‘ disapj)e:iriinc-e of lumps with the stirring-ro<l; and from time 
to time the latter ina>' he witlnhawn and the adhering resin examined 
Without removing the cover, tlu* oil. which has previou>ly heeii heated in 
another receptacle, is a<lded; some operators »lraw the ke ttle from tin* fire, 
while others a<lel the oil wheui tlu* k<*til<* is still on the fire. 'I'lie oil aiul 
resin are eooke*<l together, until th(‘y are so <’o?nhin«‘<l that they will not 
separate on cooling; this is tri<*d hy putting a «lrop on a pic'ci* of glass or 
.slate and if it cloiul.s on cooling tlie combination is not complete. In fact 
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it Ls common to cook varnish more than this; the more it is cooked the 
greater becomes its viscosity; and the more turpentine it will take to 
thin it to the proper coiLsistcncy. Viscosity is sjioken of by American 
varnish-makers as “body”; an American stiys a varnish has a heavy 
body when an ICnglishman says it is “stout.” 

Th inning. When sufficiently cooked, the olco-rc.sinous compoun<l is 
wheeled to another room, well away from the fire, and a previously meas¬ 
ured amount of spirit of turpentine (or benzine, or both) is slowly added 
with constant stirring. Varnishes are more or less colloidal solutions, and 
if some of these olco-resinous compounds arc thinned directly with benzine 
they form a swollen, gelatinous mass, insoluble in excess of solvent; while 
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if a little turpentine is first added this makes a solution, whicli may safely 
be diluted with benzine if desired. Some makers atld driers directly with 
the turpentine to the liot varnish, others wait until it is cool. These driers 
are compounds of lead and manganese. 

Proportion of Ingrcclientri. The larger the proporion of oil used the 
more elastic and durable will be the varnish; the smaller the amount of 
oil, the harder, more lustrous, and quicker drjdng it will be. 

Varnishes for furniture, which should be hard and brilliant, and free 
from the least tendency to tackiness, are made with 10 to 15 gals, of oil 
to the hundred pounds of resin; those for interior house varnishing con¬ 
tain from 15 to 20 gals, of oil; and for outside work, exposed to the weather, 
25 to .30 gals. These 3()-gal. varnishes require about 32 gals, of turpentine 
or otluT thinner; lO-gal. vuiruishes take about 25 gals, of thinner. 
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Rubbing Vamish. Rubbing varnishes contain 6 to 12 gals, of oil; 
they arc so called because they become hard enough in from one to six 
days so that the surface may be rubbed with powdered pumice-stone, 
sprinkled on a pad of felt wot with water, until all the irregularities of 
surface are ground away, thus forming a smooth (“level”) foundation for 
further coats of vamish. Those which contain even as much as 20 gals, 
of oil will in time become hard enough to rub; after which, by rubbing 
with finer materials, they may finally be polished; but this beautiful 
finish is not as durable as the natural gloss, which is always left on work 
which is to be exposed to the weather. When one coat is applied over 
another it is always desirable to remove the gloss by lightly rubbing the 
undercoat, as the following coat does not stick well and smoothly to a 
glossy surface. 
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Rosin Varnishes. Commoo rosin, or colophony, is extensively used in 
making clieap varnishes. It is an acid substance; and befort' use it is made 
nearly neutral by combining with it about 5 or G per cent of lime (calcium 
oxide). Tlii.s makes it harder, more brittle, less easily fusible. It is made 
into oleo-resinous varnishes verj- much as arc the natural resins, but with 
much more drier added; these varnishes are softer and less durable than 
the former class, but are mixed with them to make mixed varnishes of low 
price and mediurti quality. For some purposes rosin varnislies are used 
alone. They have good working qualitic.s, and a small admixture of a 
rosin varnish to a “gtirn” varnish is often advantageous. They are made 
at lower temperatures than the “g\im” varnishes; and the greater part 
of the tuug or China wood-oil that is imported is used in rosin varnishes, 
on account of its superior drjing qualities, in which it alone surpasses 
linseed oil. 

Ester Gum. Manyj’ears ago it was discovered that ro.sin. which is an 
acid substance, may be combined with glycerine, making what chemists 
call an ester; this “ester gum” makes more durable varnishes than rosin 
combined with lime; but at first it was expensive. Now, however, the 
varnLsh-maker melts the rosin in a vami-sh-kettle, and when the tempera¬ 
ture is about 540® F. he sprinkles in, slowly, about 10 per cent of its weight 
of glycerine; part of this Is decomposed and goes off as vapor or gas, but 
a considerable part combines, almost instantaneously, with the rosin, and 
this is a cheap and quick way of making a rosin ester; the oil is imme¬ 
diately added and the vamLsh is rapidly fini.shed. If a considerable pro¬ 
portion of tung oil is used a varnudi is thus obtained which dries quickly 
and cornpletcb', with a good gloss, and very wat^r-repellant. Such var¬ 
nishes, or those made from true vamish-resins and mixed with a consid¬ 
erable proportion of these, have almost driven the older gum-varnishes 
out of the market; they are sold at lower prices and at a greater profit, 
and they enable the consumer to speed up the work of fini.^hing to a degree 
fonnerly impracticable. While some of these varnishes seem, when new, 
to have even bettor qualities than the best of the older ones, they lack 
a high degree of durability; they suit the manufacturer, but the 
ultimate consumer suffers. This is probably one reason for the greatly 
increased use of shellac varnish, followed by a finishing coat of wax, on 
furniture. 

Turpentine and Benzine in Varninh. As to the comparative merits of 
turpentine and benzine (heavy petrolic ether), it may be said that without 
doubt turpentine is the better solvent. It is held more strongly by the 
dlcD-resinous part of the varnish than is l)enzine, and hence evaporates 
more slowly, also it is naturally slower to evaporate. When varnish is 
applied with a brush it is impossible to avoid slight irregularities, slight 
ridges and furrows, bnishinarks, and if the volatile solvent evaporates very 
quickly these remain and show in the dried film; but with turpentine 
the coating remains liquid for a considerable time and these flow out and 
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disappear before the varnish becomes viscid enough to retain its form. 
Other things influence this condition, but the nature of the volatile solvent 
is the most important factor. It should be said, however, that there are 
different qualities of benzine; and within a few years a comparatively 
hea\’y grade has been on the market, with a correspondingly higher boiling- 
point, loss diffusive power, and more like turpentine in many respects; 
and to a great degree free from the objections which have always been 
urged against the lighter grades of benzine. 

Pale and Dark Varnishes. To make a pale varnish it is necessary to 
have pale resins; but in some cases the paler pieces are softer and less 
valuable. The dark grades of the better kinds of resin, such as Kauri, 
are of excellent quality, and for many—in fact, most—purposes moder¬ 
ately dark varnishes arc entirely satisfactory. Even the dark varnishes 
(not black asphaltum) arc transparent, and have an agreeable yellow or 
brownish red color; on dark wood they have even a better effect than 
paler varnishes, to which they are in every other respect equal. There arc, 
of course, some dark resins of inferior sorts; and some of the best pale 
resins, such as Zanzibar, are of unequaled quality. 

Baking-Japans. As the hardening of varnish is due to oxidation, it 
follows that with an increase of temperature the process will go on more 
rapidly. It is equally true that the solvent will evaporate more quickly 
from spirit varnishes in a hot atmosphere, as that is generally true of all 
varnishes. If the temperature is high enough to melt the resin of a spirit 
varnish, or to keep an oleo-resinous compound in a liquid state until oxida¬ 
tion is nearly completed, the resulting film will be non-porous. Varnishes 
designed for such use are called baking-vamishes or baking japans; the 
best of them are the black japans in which the resin is partly asphaltum. 
These form coatings of great beauty and merit, strongly resisting both 
chemical and physical action. They are baked at varying temperatures; 
on wood, of course, at comparatively low heat, but on metal at as high as 
400° F., though 300° F. is more common. The baking usually lasts three 
or four hours. The objects to be japanned are commonly dipped in the 
varnish and put directly in the oven. Since the drying is forced by the 
heat it is possible to use a varnish which would not dry (in any reasonable 
time) at ordinary temperatures, and so such material is likely to be some¬ 
what indifferent to chemical action. 

Japan Driers. Another class of japans, having no relation to the 
preceding, are composed of linoleates or resinates of lead or manganese, 
usually containing free oil, and often some resinous or oleo-resinous varnish, 
and di^olved to a thin liquid with turpentine or more often benzine. 
These are also called driers, and they act by catalysis, inducing the rapid 
oxidation of the oil or varnish to which they are added. It is well known 
that lead and manganese form two classes of compounds—for example, a 
protoxide and a peroxide—and easily pass from one to the other. If they 
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arc present in the film in the higher state of oxidation they give up half 
their oxygen to the oil, then take up more from the air, and so act continu¬ 
ously as agents to pass along oxygen from the air to the oil. Mangane.'M? 
is more active than lead, but each has its advantages. Driers may be made 
with other metals, such as nickel and cobalt, which readily pass from one 
state of oxidation to the other; b\it have no special atlvantages over lead 
and manganese. These compounds may be made l)y direct heating of the 
metallic oxides with oil or rosin, or by decomposing soaps with soluble s;i!ts 
of these metals. If by use of these compound.^ we introduce into oil even 
as small an amount as jiiW <>f weight of these metals, the effect is ver>' 
marked. The use of too much drier is objectionable, .since it is likely to 
continue to act, slowly of course, after the film has hardened, and in time 
destroy its elasticity and coherence. Driers are not used in spirit var¬ 
nishes, nor usually in baking japans. 

Bolling Oil. Long-continued heating causes linseed oil to dry with 
a glos.s, and oil whiiih has been heated with a little leail or manganese 
oxides is called boiled oil; the untn‘ated oil is called raw oil. Films of raw 
oil take 5 or 6 days to dry hard enough to be handled; while boiled oil 
will dry in 24 hours. For special purposes, however, oil is boiled for a 
longer time, and in this way is made the varnish used on patent leather 
and for some other uses. 

Heat-Treated or “Stand** Oil. Linseed oil which has been bleached 
or otherwise refined so that it docs not “break,” is heated to a high tem¬ 
perature, usually GOO® F., or higher, for a considerable time; it is then 
found to be viscid, like molasses; as it is heated without the addition of 
driers it is not what is called “boiled oil”; it is treated best in enameled 
kettles or aluminum or silver-plated copper kettles, so that it is not much 
discolored. This is in this country generally called lithographic oil, in 
luiropc .itaml oil. It dries with a glo.ss; and is sometimes used for making 
enamel paints, being regarded as equal to a varnish. These oil-enarnels 
contain considerable turpentine, they have less glo.ss but are more elastic 
than if made with oleo-resinous varnish, and are in extensive use, especially 
for interior house-painting. Such oil is largely used in Europe in varnish¬ 
making, the melted resin being dissolved in it. They are pale in color; but 
American varnish-makers think they arc loss durable, the oil being too 
much changed, and not sufficiently combined with the resin. Stand oil is 
largely used in Europe in paint-making also. 

Driers arc sometimes added to varnish after it is made. The varnish 
is warmed to 100® to 150® F. and agitated for several hours with powdered 
litharge and some powdered manganese compound, either borate or oxide. 
These lead and manganese compounds arc dried immediately before use 
by heating them until it is certain that all the water is driven off. The 
amount used is considerable, 2 or 3 per cent, as that which is not absorbed 
will settle or can be filtered out. 
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CHAPTER XLI 


SOLVENTS AND NITRO CELLULOSE LACQUERS 

D. B. KE'^'ES 

Unit'crsilij of Illinois, Urbana, lU. 

Introduction. The manufacture of solvents and nitro cellulose lac¬ 
quers has become within a comparatively short period of time two of the 
largest of our chemical industries. In 1919 the total production of nitro 
cellulose lacquers was approximately 100,000 gallons, while today it has 
increased to over 15,000,000 gallons annually. This remarkable rise was 
largely the result of having vast supplies of nitrocellulose and nitrocellu¬ 
lose solvents on hand at the end of the World War. A peace-time use for 
these products became an economic necessity, and so was born the modern 
lacquer industry. 

In order better to understand the nitro cellulose lacquer it will be well, 
at first, to discuss the various products entering into its composition and 
finally assemble these products into the finished lacquer. The ordinary 
lacquer consists essentially of nitrocellulose, a solvent, a diluent, a resin 
and a plasticizer. In this chapter, however, the materials will be con¬ 
sidered in a somewhat different order and so the discussion will start with 
the most important of the solvents ethanol (ethyl alcohol). 

Ethanol. Ethyl alcohol, or, as it is becoming know’n, ethanol, is one of 
the fundamental and most widely used chemicals. Next to water it is 
the most important solvent. In its industrial application it has more 
usas than any other chemical except sulphuric acid and sodium carbonate. 
Its many u.ses are well showm in the accompanying chart (Fig. 382), which 
has been prepared and here presented by the courtesy of the U. S. Indus¬ 
trial Alcohol Co. A study of this chart shows it to be a constituent of 
cleaning fluids, and in metal, furniture and shoe polishes. In a solid 
form as a gelatinized solution of nitro cellulose it finds application as a 
fuel. Paints, varnishes, shellacs and enamels require vast quantities in 
their manufacture. 

The nitro cellulose plastic industry uses enormous quantities of alcohol. 
Pyroxylin, the resulting product, is the materuil from which is made 
millions of toilet articles, ornaments and novelties. The use of alcohol 
in flavoring extracts, in the manufacture of vinegar, and as a solvent for 
perfumes is well known; in addition to which might be mentioned cos¬ 
metics, germicides, and thousands of medicinal preparations. Space docs 
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not permit the listing of all of the uses of alcohol, so the description 
will be confined to its application in the lacquer industry. 

Manufacture. Cane sugar molasses is the chief source of ethyl alcohol 
in the United States. Germany makes alcohol from potatoes and France 
from sugar beets. Alcohol can be made by the fermentation of practically 
ever>' kind of knov\Ti plant. It is not necessary to have fermentable sugar 
present, providing starch or cellulose is one of the constituents. Most 
of the alcohol produced in the United States some years ago was made 
from corn. The corn starch was converted into sugar and the sugar was 
fermented. During the war it was found practical to operate an alcohol 
plant in which the raw material was waste wood. Cellulose was con¬ 
verted to fermentable sugarsbyaction of dilute sulphuric acid at an elevated 
temperature. It is quite evident that the cheapest source of fermentable 
sugars at present on the market in this country is the so-called black strap 
molasses. 

This sugar-cane molasses is collected from the sugar mills in Cuba and 
Porto Rico, brought to the seaboard in tank cars, stored in tanks and 
shipped in tankers to the alcohol plants located along the eastern and 
western coasts of the United States. Some molasses is also produced in 
Hawaii and sold to distillers along the Pacific coast. It is interesting to 
note that the sugar content of this molasses of about 50 per cent is sufifi- 
cient to prevent any serious fermentation in transit even though there are 
present considerable quantities of wild yeast always. 

On arrival at the distillery, the molasses is pumped from the tanker into 
large receiving tanks holding millions of gallons each which resemble very 
closely the storage tanks in the oil industry. 

The molasses must be diluted about five to one before it becomes a 
satisfactory medium in which to grow the yeast. Mixing and dilution 
tanks have to be supplied for this purpose. The agitation is brought 
about by compressed air forced in at the bottom of the tank. From the 
dilution tanks the molasses passes directly into the fermentation tanks. 

In the meantime it is necessary to grow a very pure culture of yeast 
in the laboratory. This yeast is usually chosen because of its personal 
characteristics, and the art of yeast propagation resembles very strongly 
the art of horse breeding. After a satisfactory strain of yeast has been 
obtained, it is grown further in molasseswhich has been previously sterilized, 
usually in a closed container. A portion of this final culture is selected 
and the yeast permitted to grow further in more molasses under carefully 
controlled conditions, the idea being to produce a sufficient quantity of 
high grade yeast to supply every fermentation tank. Ammonium sulphate, 
for example, is added to help in the yeast growth. Many other salts have 
been found advantageous. The yeast also requires an acid medium. 
Sulphuric acid usually is added. 

Sulphuric acid must be added to get satisfactory yields in the fermenting 
tanks, but practically no further consideration is given to the yeast once 



SOL\'ENTS AND NITRO CELLULOSE LACQUERS 


1145 


it has boon developed and run into the forniontor. It is, of cours<‘, neces¬ 
sary to keep the forrnentinK tanks clean. It is wise to clean after every 
run. It sometimes becomes advisable to cool the fermenting; rnn.'^h and, 
therefore, water-cooling pipes are siipplied in the bottom of the fermenter. 
Generally speaking, liowever, the yeast has to look out for itself once it 
is in the fermenting mash. It is necessarj' to develop a strong and vigor¬ 
ous yeast because the unsterilized molasses is full of poisons for the yeast, 
and also the alcohol proiluced is a poison for the yeast. 

The fermentation lasts from thirty to seventy hours and the final prod¬ 
uct generally contains around 6 to S per cent alcohol. In the meantime 
carbon dioxide is given olT, in equal molecular quantities with the alcohol. 

In some plants the carbon dioxide is recovered, purifie<l by chemical 
or physical action, compre.ssed and stored in cylintlers. A large portion 
of the compressed carbfui dioxide used in the soda fountains in this country 
come.s from this source. The percent of carbon dioxhle recovered at the 
present time i.s rather small. The possibilities of recovering more and 
utilizing it for other purpo.<es, for e.xatnple, solid carbon dioxide as a 
special refrigerant, i.s very good. 

The alcohol is extracted from the femiented liquor, which is called 
beer, by what is commercially known as a beer still. This still is a 
scrubbing column in which the fermented liquor or beer containing 
approximately 6 per cent alcohol is pumped in at the top and allowed to 
ca.scade through down-pipes from one plate to another until it reaches the 
bottom. At the bottom live steam is continuously admitted. This steam 
passes through the perforations in the plates, coming in contact with the 
beer which is held on each plate at a certain level due to the protrusion 
of the down pipe on that plate. In this manner water condenses out of 
the steam and pa.sses downwanl with the beer. At the same time alcohol 
is boiled out of the beer and replaces a portion of the steam. In other 
words this is a coinder-current extraction in which wat<*r vapor is con- 
denwd and alcohol litpiid evaporated. The alcohol vapors coming out 
of the top of the beer still usually contain about 50 per cent alcohol. 
This beer still is shown in Fig. 3^3 as column (1), >vhilo the various steps 
in the operation are given in Fig. 384. In this particular flow sheet, and 
line drawing, the beer is first heated by pa.ssing through a condenser (2) 
which acts as a heat exchanger and then flows in at the top of col¬ 
umn (1). 

Out of the bottom of the beer still comes what is known as distillorj' 
slop. This material has the appearance of a dilute and rotten molasses. 
It contains considerable organic matter in the form of unfermentablc 
sugars and gums. It also contains the mineral salts that were originally 
present in the molasses and, of course, a certain amount of dead yeast 
cells. This material can be concentrated in quadruple-effect evaporators 
to a heavy molasscs-likc material which contains approximately 50 per 
cent solids. One alcohol concern in this country carries out this operation 
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and then burns the resulting liquid in incinerators. The ash from these 
incinerators has a ver>’ high percentage of potash (around 35 per cent K 2 O). 
The gases and fumes from these incinerators pass through an electrical 
precipitator and more potash is obtained. Some of the heat is utilized by 
waste heat boilers. The gases then pass on to sulphuric acid scrubbing 
chambers in which the dilute sulphuric acid reacts with the ammonium 
present in the gases and forms ammonium sulphate. The ammonium 
sulphate is cr>'stallized out. Both the potash, which is in the form of 
carbonate, sulphate and chloride, and the ammonium sulphate are sold to 
fertilizer manufacturers. 

The 50 per cent alcohol vapors from the beer still as shown in Fig. 383 
pass directly into what is known as the aldehyde column indicated in the 



figure as column (3). This column resembles the beer still except that simple 
perforated plates are not used because a very fine fractionation is desired. 
Instead of the vapor passing up through perforations in the plate, they 
pass up through vapor tubes which are capped with a bonnet. The vapor 
then makes a hair-pin turn and comes out underneath the cap in the form 
of small bubbles caused by the serrated edge of the cap and then passes up 
through the liquid the same as before, but in this case the path of the 
vapor through the liquid is longer and the liquid is not held on the plate 
by the pressure of vapor. The longer the contact of the vapor with the 
liquid the more nearly they come to ideal equilibrium. Fluctuations in 
pressure do not mean fluctuations in liquid level on the plate in this case, 
and the possibility of dumping the liquid due to a sudden release in steam 
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pressure at the bottom does not exist. The down pipes for the liquid are 
constructed tlie same as before. 



The function of this column is to take off the greater port of those 
impurities in the alcohol which have a high partial pressure. It also has 
been found expedient to take off some of the impurities which have a low 
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partial pressure. In order to decrease the partial pressure of alcohol 
without materially decreasing the partial pressure of the impurities, water 
is added near the top of the column and above the feed plate. The result 
is that the vapors pas.sing out of the top of the column are condensed (some 
of the licputl is returned as reflux) and appears as a liquid at point- (5). 
Tliey contain aldehydes anti low-boiling esters. Above the water inlet and 
below the top of the column liigher-boiling esters accumulate. 

From the bottom of column (3) dilute, partially purified alcohol passes 
to the rectifying still (6) and column, (7). Again some high-boiling 
impurities accumulate in the column at a point near the bottom. Both 
still (G) and the aldehyde column (3) are heatetl directly by means of live 
steam. In the case of still (6), water free from alcohol leaves the bottom 
and passes to the sewer line. Vapors from column (7) contain all of the 
alcohol ami, although fairly pure, still contain a certain amount of impuri¬ 
ties. These vapors are condensed and passed to what is known as the 
pasteurizing column (8) as indicated in the drawing. This column is 
heated by indirect steam and very volatile impurities pass off the top of 
this column and arc drawn off at the point (9). The alcohol of highest 
purity is drawn off from the bottom of the column at point (10). Some 
impure alcohol containing volatile impurities is removed from the vent 
condenser on the top of column (7) and is drawn off at point (11). The 
product dra^vn off at (9) and (11) are usually returned to the aldehyde 
column (3). 

The fusel oil, the common name for a mixture of higher alcohols, and 
other high boiling impurities accumulate in the fractionating column (7) 
and pass into the fusel oil purification column (12). 

Alcohol is stripped from this crude fusel oil, and passes out of the 
column. It is condensed and drawn off at the point (13). This fusel oil 
column is heated by direct steam, and water free from fusel oil and alcohol 
leaves the bottom of the column and passes to the sewer line. A partly 
purified fusel oil accumulates part way up the column and is drawn off 
into a water washer and separator. The water layer is returned to the 
column in order to extract the alcohol, and the oil layer passes out and is 
drawn off at the point (14). 

This represents one of the common systems of distilling and fractionat¬ 
ing alcohol in order to produce a high-grade product containing approxi¬ 
mately 96 per cent by volume of alcohol, the remainder being water. 
This percentage is close to the constant boiling mixture in composition and 
is commonly called in the trade, cologne spirits. 

In ordinary practice it is possible to obtain with the average molasses 
a yield of approximately 0.4 of a gallon of 100 per cent alcohol for every 
gallon of molasses. Fusel oil obtained is approximately 0.3 per cent of the 
alcohol production. 2.75 lbs. of carbon dioxide is produced for every 
gallon of molasses fermented. At 32° F. this means 22.4 cu. ft. of carbon 
dioxide. Approximately 6 gals, of distillery slop results for every gallon 
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of molasses usetl, arul this on concentration p:i\es about O.G pal. of 
conccntrate<l slop. Approximately {)..o lb. of a.'ih is obtaiiKal per pallon 
of molasses which has an efjuivalent of 0.012 unit K 2 C) per pallon of 
molasses. 


Absolute Alcohol. The constant boilinp mixture of alcohol rind water 
under normal pressure is aj)pr<j.\imately 90 jx-r cent as stat(‘d above. 
Years apo it wa.s found necessary in onlor to obtain an anhytlrous ethyl 
alcohol to a<ld various solid dehytlratinp apents. Toilay it Is po.ssible 
to dLstill this constant boilinp mixture an<l produce anhydrous alcohol by 
the .'uldition of a third litpiid. This third li<}uid lias the tendency <jf rialuc- 
inp the partial pressure of alcohol to a far preater extent than it reduces 
the partial pressure of tlu* wattT. This is sufficient to destroy the con¬ 
stant boilinp ccpiivalent and permit the fractionation of such a mixture 
to obtain 100 per cent alcohol. Third liipiids which answer this des<*rii>- 
tion are benzol, toluol, h<‘xane, carbon tetrachloride, ethyl acetate, etc. 
These liquids al-so have the property of beinp quite insoluble in water 
coritaininp onlj' a .small percentape of alcohol. This permits furtluT con¬ 
centration of alcohol, thins cuttinp down the steam cost for fractionation. 
One of the preat advantapes of this ternary mixture scheme of dehydratinp 
alcohol is that lifjuids only are handled and no solids. The economic 
enpinecring advantage becomes cjuite apparent when this fact is apjire- 


ciated. 

7'he Steffens Process. One of the simplest proces.ses utilizing this prin¬ 
ciple previously described Ls shown in Fig. 3So, and is known a.s the Steffens 
Process.’ Ninety-five per cent alcohol pa.sscs from the storage tank (l),to 
the so-called dehydrated column (2), where it is mixed with benzol. The 
columns u.sed in all of these [)roccs.se.s are the highest type of fraction¬ 
ating column so far designed. They arc all the bubble tower tyiie which 
h.'is been previously described, under the fractionation of alcohol. This 
particular column is lieatcd indircctlj'^ with steam at the bottom and is 
proviiled with the ordinary condensers at the top. 

When the 95 per cent alcohol meets the benzol, the constant binary 
mixture is disrupted and a con.stant boiling ternary mixture is produced 
containing a relatively greater concentration of water. In other words, 
the ratio between water and alcohol is increa.scd. Furthermore this 
constant boiling ternary mixture has a lower boiling point than any other 
mixture or single substance in the column. This results in driving off the 
constant boiling ternary mixture from the top of the column taking with 
it all the water and part of the alcohol and benzol. There remains, there¬ 
fore, nothing but anhydrous or absolute alcohol to be removed at the 
bottom of the column. The ternary mixture is condensed (part returns as 
reflux) and passes to the separator (3). The liquid immediately forms 
two layers, the oil or upper layer containing very little water, mostly 
benzol with some alcohol, returns to the dehydrating column (2). The 

* Covered by U. S. and foreign patents. 
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water layer containing also alcoluil and some honi'ol passes on to the 
separator (4). Here acklitional water is atlded in ortler to tlirow out. the 
remaining Ijenzol, which is returned with the other oil layers to the dehy¬ 
drating column (2). The final water layer free from benzol but containing 
an appreciable quantity of alcohol passes through the rectifying column 
(5). This column is heated at the bottom directly with live steam. A 
constant boiling binary mixture (95 or 96 per cent alcohol) comes off at 
the top, is conden.sed and returns to supplement the original feed to the 
dehydrating column, ^\’ate^ is removed from the bottom of column (5) 
and passes to the sewer. 

The Rodebush Process. I'he Rodebiish Process ^ is somewhat more 
elaborate than the process just describeti. A sketch of this procc.ss is 
shown in Fig. 3S5«. 

The .alcohol enters from the feed tank (1) and passes to the dehydrating 
column (2) w’hich is the same type of column as that used in the former 
process. The absolute alcohol is drawn off at the bottom of this column 
and the column i.s heated by iiulirect steam. The vapors, which are a 
teniary mixture containing the thirtl li<|uid which may be, for e.xample, 
ethyl acetate, are condeiksed (part rctume<l as reflux) and pass to a sepa¬ 
rator (3). Water is added to this separator in order to throw out as much 
as po.ssible of the third liquid a.s oil layer. The oil layer in this case is not 
sent directly back into the dehydrating column, but is first fractionated 
in column (4). The pure third liquid in the case of ethyl acetate will 
come ofT the bottom of this column which is indirectly heated. This pure 
third liquid is then returned to the feed plate of the dehydrating column (2). 
A ternary mixture comes off the top of column (4). This is condensed 
and returned to the separaU)r. 

In the meantime the water layer from separator (3) is passed to a recti¬ 
fying column, column (5). This column is heated directly with live 
steam at the bottom. Water runs from the bottom of this column and 
passes to the sewer. A ternary mixture comes from the top of the column 
in the form of a vapor, is condensed and is returned to the separator (3). 
A few plates down from the top of the column the constant boiling 
binary mixture containing 95 to 96 per cent alcohol accumulates and 
is drawn off continuously and returned to the feed plate of the dehydrating 
column (2). 

Tlic advantage of this process over the former process is that it permits 
a greater leew’ay as regards the choice of the third liquid. This is brought 
about by the introduction of the rectifying column (4) for the purification 
of the oil layer which contains the third liquid. This procc.ss also 
exhibits greater efficiency owing to the fact that a purer alcohol is returned 
from the rectifying column (5) to the dehydrating column (2). It is diffi¬ 
cult in the simpler process to obtain 95 to 96 per cent alcohol in the 
rectifying column. 

1 Covered by U. S. and foreign patents. 
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The Keyes Process. This process * is a combination of the two former 
processes plus a few additional features. (Fig. 386.) 

A 95 per cent alcohol is fed in from t-ank (1) to the dehydrating column 
(2) which is heated indirectly with steam at the bottom. The absolute 
alcohol product is removed at the bottom of this column as in the other 
processes. Vapors from this column which consist of a ternary mixture 
are condensed and pass to the separator (3). The water layer from this 
separator passes to the next separator (4) whore additional water is added. 
The oil layer from both separators is sent to a rectifying column (5) 



which in the case of benzol as a third liquid will give pure benzol at the 
bottom of this column. This column is indirectly heated with steam. 
The pure benzol or third liquid is returned to the feed plates of the dehy¬ 
drating column (2). The ternary mixture which is removed as vapor 
from the top of column (5) is condensed and sent back to the separator (3) 
The final water layer in separator (4) passes to the rectifying column (6) 
which is heated directly with live steam at the bottom. The vapors from 
this colunm are largely a ternary mixture. These vapors are condensed 


* Covered by U. S. and foreign patents. 
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and returned to the poparator (3). A dilute alcohol free from benzol is 
dra^NTi off at the bottom of column (0) and pasp<*s to a second rectifjing 
column (7). This column is heated directly with live steam at. the bot¬ 
tom. Water passes out at the bottom and goes to the sewer. The binary 
constantly boiling mixture containing 95 to 96 per cent alcoliol comes off 
as vapor at the top of column (7). It is condensed and returns to the 
feed plate of the dehydrating column (2). 

The advantage of this process over the former proces.ses Ls its versa¬ 
tility. It is quite pos.sible to use a wide variety of different third liquids 
and still be able to run efficiently without any serious change in the equip¬ 
ment or its set-up. Due to the fact that both the water layer and the oil 
layer from the separators are very carefully fractionateil, the equipment 
will show not only a greater efficiency but also an increa.sed capacity. In 
order to compare the process<*s it would be necessjir>' as a basis for cal¬ 
culation to retain the same dehydrating column throughout. 

Use of Absolute Alcohol .—It is interesting to note that ethyl alcohol 
free from water has distinctly individual solvent characteristics. One of 
the most striking is the fact that anhy<lrous alcohol is quite readily soluble 
in gasoline while the ordinary 95 per cent alcohol is only soluble to a very 
limited extent. This fact is extremely important in the matter of alcohol 
motor fuels. Once it was possible to prepare an absolute alcohol on a 
commercial scale, and at a reasonable cost, it became quite practical to 
utilize all excess alcohol in the form of motor fuel. Absolute alcohol has 
not only found extensive use in the lacquer industry, but is being used in 
large amounts in the synthetic organic industries. 

Denatured Alcohol. Since 1907, when the first denatured alcohol law 
was passed in the United States, ethyl alcohol production has boon under 
government control. A denaturant is some material added to ethyl 
alcohol to render it unfit for beverage purposes, but does not interfere with 
its industrial use. Impure methyl alcohol (wood alcohol) was the first 
material employed, but its use i.s now restricted. 

There are two classics of denaturants. One is the so-called “com¬ 
pletely denatured” alcohol in which the denaturation is carried to a 
point where it may be sold freely without restriction or regulation by the 
government. The other cla.s.s is the specially denatured alcohols which 
can only be used for a specific purpose under a government permit or 
bond. As many denaturants are now available, the manufacturer will 
find little difficulty in locating a formula for his particular purpose in the 
authorized list. 

Esters. It might truthfully be said that the success of the present 
lacquer Industry has been based largely upon the successful development 
of ester manufacture. 

The process of esterification is quite simple, an alcohol and an acid 
unite to form an ester and water. The reaction is an equilibrium type. 
All that is necessary, therefore, to obtain a 100 per cent conversion is to 
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remove the products, one or both, ester and water, from the scene of the 
reaction, thus disrupting the equilibrium that has been set up. 

An illustration of continuously disturbing the equilibrium by this 
method is shown in Fig. 387. This is the Backus continuous process 
for the manufacture of methyl acetate. It can, of course, be applied to 
other esters. 

The Backus Process} The methyl alcohol, dilute acetic acid and 
some sulpliuric acid as a catalyst are led into the reaction tank (1). The 
mixture is agitated and allowed to come to equilibrium. This means the 
formation of a certain amount of methyl acetate and water, the amount, 



of course, depending upon con¬ 
ditions and the compositions 
of the mixtures fed in. This 
reaction which brings the mix¬ 
ture to an equilibrium requires 
an appreciable length of time. 
This is the reason that the con¬ 
stituents are not pumped di¬ 
rectly into the manufacturing 
column (2). 

The equilibrium mixture 
enters the reaction column (2) 
which is indirectly heated at 
the bottom with steam. This 
column is so operated that only 
water and the sulphuric acid 
leaves at the bottom. The 
acetic acid is entirely used up 
in the reaction owing to the fact 
that there is always an excess 
of methyl alcohol present. This 
means that methyl acetate, 


methyl alcohol and some water 
pass out the top of the column as a vapor. This vapor is condensed and 
passes to the rectifying column (3). The alcohol and any remaining 
water pass out of the bottom of column (3) and are returned to the manu¬ 
facturing column (2) but below the feed plate. Column (3) is also indi¬ 
rectly heated. The final product containing largely methyl acetate, with 
possibly a small amount of methyl alcohol, comes off the top of column 
(3) as vapor and is condensed and sent to storage. 

It can be easily seen that by simple fractionation, one can remove 
constantly the final products of esterification, at the same time maintain 
an excess of alcohol, and thus obtain 100 per cent yield based on the 
acid. It will also be noted that in the case of methyl acetate, it is only 
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necessarj' to rectify the mixture coming off in order to obtain a ver>* pure 
product. 

Ethyl Acetate. Ethyl acetate is one of the most popular of nitrocellu- 
loj^e solvents and is, therefore, produced in enormous quantities. It forms 
a constant boiling mi.xture with alcohol and water and in ord(‘r to obtain 
a dr>' or anhydrous product, therefore, it is necess;»r>' to use somewhat the 
same processes as for the manufacture of absolute alcohol. If such a 
proiluct is not re<]uired, liowever, the manufacture is verj' much simpler. 

The Hackus Anhydrou.'t Ethyl Act late ‘ Anhydrous ethyl 

acetate, like absolute ethyl alcohol, ha.s uniq\jc solvent properties which 
make it particularly desirable in the modern nitro cellulose lacquer. It 
has been found that when wet ethyl acetate ami ethyl alcohol ar<‘ used 
in lacquers it is necc.ssary to lorn! the lacquer with medium-boiling or high- 
boiling solvents in order to counteract the effect of the water pre.sent. 
As these medium and liigh-boiling solvents arc expensive, it becomes an 
economic advantage t<> u.se anhydrous low-boiling solvents like anhydrous 
ethyl alcohol and anhydrous ethyl acetate. 

It was only a few years ago that anhydrous ethyl acetate was a chem¬ 
ical curiosity and was ver>' high priced. Today this protluct is produced 
and shipped by the millions of gallons at only a slight ativance in price 
over the regular wet ethyl acetate. 

A sketch showing this process is given in Fig. 388. The ethyl alcohol 
and acetic acid containing the necessary amount of sulpluiric acid is 
pumped into the two reaction tanks marked (1) and (2) as shown in the 
diagram. This mixture is agitated and brought to equilibrium with the 
production of sorm? ethyl acetate. The equilibrium mixture is pumped 
from thc.se reaction tanks to the storage tank (3). From here it passes 
through a condenser (4) where it is preheated, and then enters as the feed 
for column (5). This column is heated directly with live steam at the 
bottom. The excess water together with the sulphuric acid flows from the 
bottom of this column to the sewer. A ternary mixture consisting of 
ethyl acetate, alcohol and water goes off as vapor from this column (5). 
No acetic acid remains because there is always pre.sent an excess of alcohol 
and because the reaction products, ethyl acetate and w’ator, are con¬ 
stantly removed from the scene of the reaction which is in the manufactur¬ 
ing column (5). 

The vapors from the manufacturing column (5) arc condensed and are 
sent to a rectifying column (6). This column functions as an alcohol 
stripping column. The e.xcess alcohol comes out at the bottom anti 
returns together with some water to the manufacturing column (5) at a 
position which is below the feed plate. Column (6) is indirectly heated 
by steam coils at its base. The vapors coming off from column (6) are 
very close to the constant boiling ternary mixture of ethyl acetate, alcohol 
and water. 

* Covered by U. S. and foreign patents. 
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These vapors are condensed and passed through a cooler together with 
additional water and finally to a separator (7). The additional water 
tends to throw out of solution a large portion of ethyl acetate as an oil 
layer which collects on top. The water layer composed largely of alcohol 
and water together with a little ethyl acetate is returned to the rectifying 
column (6) below the feed plate. 

The oil layer containing most of the ethyl acetate and very little water 
passes directly into the final fractionating column (8). This column is 
indirectly heated by a steam coil at its base. Again, the vapors that come 
off from this column, arc a ternary constant boiling mixture of ethyl ace- 
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tate, alcohol and water or very close to that in composition. These vapors 
are condensed and returned to either the separator or in the case of excess 
alcohol to the rectifying column (6). The pure ethyl acetate free from 
both alcohol and water collects in the bottom of the column (8), is drawn 
off through a cooler and finally into a storage tank (9). 

IHgh-hoiling Esters .—There are several high-boiling esters, for exam¬ 
ple, ethyl lactate and butyl propionate, which have proved very popular 
among the lacquer manufacturers. 

Stejfens Ester Process, The Steffens process ^ for the manufacture of 
these high-boiling esters is of particular interest due to its high capacity 
and high eflficiency. The sketch of this process is given in Fig. 389. 

In the manufacture of ethyl lactate, concentrated lactic acid and 

' Covered by U. S* and foreign patents. 
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ethyl alcohol togethcrwith 5^5me sulphuric acid arc puinpp<l into the still (1). 
This still is heated indirectly by a steam coil. The vapors pass up through 
the column (2) and meet not only the regulation reflux but also some 
benzol which is always present in the column. The benzol has the ten¬ 
dency to drive the excess of alcohol back down into the still (1) while at 
the same time it drives the water out of the top of the column (2). This 
is because of the formation of a constant-boiling ternary' mixture and also 
to the fact that the benzol reduces the partial pressure of alcohol and 
leaves the partial pressure of the water either the sjime or increases it. 
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The ternary mixture of alcohol, water and benzol coming from the top 
of column (2) is condensed and runs to separator (3). The water layer 
from this separator passes on to a second separator (4). The oil layer 
from both separators is returned to a point near the top of the column (2). 
This oil layer contains most of the benzol. The water layer which con¬ 
sists chiefly of alcohol and water is drawn from separator (4) and passes 
to column (5). Column (5) is a regulation alcohol rectifying column 
using direct live steam at the bottom. Water collects in the bottom and 
is sent to the sewer. The vapor coming off the top is nearly 95 to 96 per 
cent alcohol. This is condensed and sent to a storage tank (6) where it 
can be used over again in still (1). 

As this is a batch process, the time arrives when there is practically 
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nothing in the still (1) except a cnide ethyl lactate. In order to purify 
this product, it is drawn off the bottom of still (1) and goes to a vacuum 
still (7). This still is also heated by indirect steam and operates under a 
high vacuum. The volatile impurities coming off as vapor are condensed 
and go to the receivers. After these volatile impurities arc removed, 
the ethyl lactate i.s either drawn from the still (7) without further purifi¬ 
cation or it is distilled under high vacuum away from any solid or high- 
boiling impurity. 

Lactic and oxybutyric acids are now produced on a large scale by a 
sjTithctic process in which HCN reacts with the corresponding aldehyde 
and ketone. This recent development pennits not only the production 
of these acids at a low cost, but also the production of the very desir¬ 
able higlt-boiling esters, ethyl lactate and ethyl oxybutyratc, in large 
quantities and at a low cost. 



Ether. Ethyl ether is not used to any appreciable extent in lacquers. 
It is nevertheless a rather popular solvent for other purposes in other 
industries. It therefore might be advisable to say something about its 
manufacture. 

Barhet Ether Process. The Barbet method of manufacture is the 
standard method in this country. It is outlined in Fig. 390. The process 
is merely treatment of ethyl alcohol with sulphuric acid which causes the 
formation of ethyl acid sulphate, heating the mixture, distilling off the crude 
ether, and neutralizing traces of acid in the distillate. 

The denatured ethyl alcohol (denatured with ether) is stored in tank (1) 
as shown in the diagram. It is pumped into the weighing tank (2) and 
from there is pumped to the delivery tank (3). It then passes continu¬ 
ously to the reaction still or kettle (4). This reaction kettle is initiaUy 
charged with 66° B6. sulphuric acid. It is indirectly heated by steam. A 
charge of sulphuric acid lasts several months. The resulting vapors pass 
to a caustic scrubber (5) and then, after all of the acids present have been 
removed, on to the fractioning column (6). 
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The excess alcohol aiul water of reaction is led from tlie bottom of 
this column to the alcohol rectifyinp; column (7). Pure ether leaves 
column ( 6 ) in the form of a vapor, is condense<l and pa-sscs to the weighing 
tank ( 8 ). From here it is pumped to the ileliverv tank (9). 

Uectifying column (7) is fitted with a still (10) which is indirectly 
heated by steam. The excess water is drawn off the bottom of still (10). 
Concentrated alcohol comes off the top of column (7) as vapor, is con¬ 
densed and is returne<l either for reninning, to column still ( 10 ) or to a 
separate storage tank ( 11 ) or to the delivers* tank ( 8 ). 

It should be noticed that the vapor lines in the drawings are signified 
by dotted lines. All vapor vents are connected togc'ther and passetl to 
the vent condenser ( 12 ) in order to cut down the loss of ether as much as 
jKJssible. Anj’- conden.sed ether formed here is returned, because of its 
impurity, to storage tank ( 11 ). 

II illkic Process^. In order to obtain anhydrou.s ethyl etlier further 
purification is nccessi*r>'. An interesting method for the purification of 
ether in order to make an anhydrous 
and C.P. product free from alcohol 
and other impurities is the Willkic 
process^ shown in Fig. 391. Fairly 
pure ethyl ether enters the column ( 1 ) 
at point (2). This column is indi¬ 
rectly pleated by a steam coil and 
has in its center a solid plate with a 
vapor by-pa.ss. The two reagents 
used in purification arc water and 
dilute pertnanganutc solution. The 
water enters as indicated at point 
(3) and the dilute permanganate solu¬ 
tion at point (4). 391 . 

The vapors of ethyl ether passing 

up through the plates in the lower half of the column are met by water 
which removes such impurities as alcohol or peroxides, fusel oil, etc. 
These impurities together with the water arc drawn off at the bottom 
of the column. 

The ether vapor by-passes to the top half of the column where it meets 
the dilute pennanganate solution. This solution oxidizes aldehydes and 
other impurities and in turn is reduced to manganese dioxide which accu¬ 
mulates in the separator (5). Any vapor from this separator is returned 
to the column ( 1 ), the impurities, of course, going along with the water 
solution and solid manganese dioxide. The ether vapors, together with 
some water, passes out of the top of column ( 1 ) into a calcium chloride 
dryer ( 6 ) where the water is removed. The vapor is then condensed and 
passes into the still (7). 

‘ Covered by U. S. and foreign patenta. 
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This still is indirectly heated by steam. The vapors coming off the 
still arc pure ether, leaving behind any solid or high-boiling impurity. 
The vapors are condensed and pass to a storage tank. 

Methanol. Methyl alcohol, or methanol, though not used to any 
appreciable extent in the modem lacquers, is nevertheless of importance 
as an industrial solvent. The chief drawback is the toxic characteristics 
of its fumes. In spite of this handicap, it is a most excellent solvent for a 
great many different purposes. In a great many syntheses, especially in 
dye and pharmaceutical manufacture, it is often necessary to utilize, as 
a raw material, some compound containing the methyl group. Methyl 
alcohol is the cheapest source at the present time of the methyl group. 
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Methyl alcohol has been made for many years by hardwood distillation. 
A flow sheet of this process is given in Fig. 392. Other products formed at 
the same time are charcoal, calcium acetate, tar, gas, and wood oil, as 
more fuUy described in Chapter XXVIII. This crude methyl alcohol is 
purified by fractional distillation in a similar manner to the purification of 
crude ethyl alcohol. 

The synthesis of methyl alcohol from carbon monoxide and hydrogen 
has been made possible by the development of high-pressure, high-tem- 
perature gas-reaction equipment. This equipment was first used in the 
fixation of nitrogen, and it was only natural that its use should be extended 
to other gas reactions. The reaction is catalytic and a great variety of 
catalysts are used. One of the more common catalysts is zinc chromate. 
The physical characteristics of the catalysts are far more important than 
the chemical. The pressure used usually varies from 4000 to 15,000 lbs. 
per square inch. The temperature depends largely upon the catalysts. 




SOLVENTS AND NITRO CELLULOSE LACQUERS 


1161 


It is usually somowhwore near 450® C. Tho desigri of this type of equip¬ 
ment has been tleveloped to sucli an extent tliat. it is now possible to 
purchase standard equipment which will operate untler high temperatures 
such as 600° anti high pressure such as 15,000 lbs. per sc[uare inch. 

The sj'nthetic process for methyl alcoliol produees a verj* high-grade 
product at a relatively low cost. For solvent purposes it has largely 
replaced methyl alcohol produced by worxl distillation, and owing to its 
purity it can be used more satisfactorily than the older product. 

Pentanol, Amyl Alcohol and Amyl Acetate. Amyl alcoliol, or pentanol 
and amyl acetate prior to the ^^'orld War wore tlie popular solvents for 
nitro cellulose. Nitro cellulose use<l at that time was of the high viscosity 
type and the lacquers formed by solution of this product in amyl alcohol 
and amyl acetate were used largely for coating brass an<l other metals. 
The amyl alcohol was a crude product and was known as refined fusel oil. 
This fusel oil was obtained as a by-product in ethyl alcohol manufacture 
as has been indicated previously in this chapter. The refined product 
was a primary amyl alcohol in w'hich the amyl radical was not a straight 
chain but usually an iso type. There were several amyl alcohols usually 
prc.sent but they w’crc all primary alcohols. In addition to the amyl 
alcohol present there wore usually small quantities of higher alcohols as 
well iis some propyl and ethyl alcohols. 

The fusel oil was collected in the old days at all distilleries in the 
United States and Europe, particularly Russia. During the WorUl War 
the collection was impossible and various attempts to synthesize the prod¬ 
uct were ma<le without apparent success. It is only recently that a Si\tis- 
factory commercial synthesis of a primary amyl alcohol has been accom¬ 
plished. The present synthetic process for the production of primary 
amyl alcohol utilizes natural gasoline as its raw material. A flow sheet 
covering the process is given in Fig. 393. 

Gasoline containing 20 to 40 per cent pentane is used. ITic gasoline 
is very carefully fractionated in the regulation column stills in order to 
obtain a fairly pure normal and iso pentane. The pentane is chlorinated 
in order to produce pentyl or amyl chloride. Hydrochloric acid is pro¬ 
duced as a by-product. The crude product containing some unconverted 
pentane Is fractionated and the amyl chloride carefully purified. Amyl 
chloride is then hydrolyzed with caustic soda to a corresponding alcohol. 
The alcohol mixture formed is carefully fractionated and the resulting 
product is largely a primary amyl alcohol. Part of the primary amyl 
alcohol is in the iso form and part of it in the nonnal. Every precaution 
is taken to prevent the formation of secondary and tertiary alcohols 
because these alcohols have an undesirably low-boiling point and lack the 
solvent powers of the primary products, and are difficult to esterify. 
Amyl acetate can be made from synthetic amyl alcohol by a simple esteri¬ 
fication process. The resulting product resembles the amyl acetate made 
from refined fusel oil. Both amyl alcohol and amyl acetate are acknowl- 
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cdgod to be higlily satisfactory solvent-s for general lacquer purposes. It 
is, therefore, quite probable that tlie new sj'nthetic amyl alcohol and amyl 
acetate will hold its place in competition with other solvents. 

Butanol. Normal butyl alcohol, or butanol, produced by a special 
fermentation of corn has been developed to the point where it is one of 
the largest solvent industries. It is interesting to know that this devel¬ 
opment came about in a more or less accidental manner during the war. 
The British national propellant was cordite and the gelatinizing agent 
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for cordite was acetone. Acetone, up to the beginning of the World War, 
was obtained entirely from wood distillation. Naturally this supply 
was insufficient but it was an economic and military impossibility to change 
the gelatinizing agent for cordite. In order to meet the demand a special 
fermentation of com or other starchy materials was developed and in 
this process about two pounds of normal butyl alcohol was produced for 
every pound of acetone. At the close of the war this butyl alcohol was 
still a worthless by-product, but to-day in the form of butyl acetate, it has 
become the standard medium boiling solvent for lacquers. 

Manufacture of Butanol .—The process for manufacturing butanol is 
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sojiicwhat similar to that of ethyl alcohol from corn. It is necossar>'. how¬ 
ever, to operate in elosetl fermenters whit-h ha\<* been t horoujihly st(“rilize(l. 
A view of the top of these ferm(‘nters is shown in I'ii;. 304. The flow slu‘et 
showiiiK the general outline for its production is jjiven in Fi^. 30."). Some 
ethyl alcohol is produceei in this process as w('ll as the butyl alcohol. 
It will be notetl als(» from the flow shraU. that hy<lrogen jras. as well as 
carbon dioxide, is a jiroduct of this b-rmentation. 'I'oday these two jia.'^es 
are usc<l under high temperature and high pressure to produce a high- 
grade metlij'l alcohol. 

Butyl Acetate. But j l acetate is the best known mediinn boiling .solvent 
for lacquers. Butyl acetate has been one of the vital factoi's in the devel- 
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opment of modem lacquer. Tlie fact that it was the only medium lM)iling 
solvent which could he obtained at a reasonable price and in enormous 
quantities Is alone sufficient to guarantee its success. With the advent of 
.synthetic amyl acetate and other synthetic solvents it no longer luus a 
monopoly of thLs field. 

Manufacture of Butyl Aa:tatc. Butyl acetate is irnule usually by an 
ordinary batch process. Seventy or 80 per cent acetic acid plus tlic 
high-grade butyl alcohol together with the necessary amount of sulphuric 
acid are charged into the stills. The still is operated with a fractionating 
column and condensers. The mixture is refluxed until a fairly high yield 
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is obtained based on the acetic acid, using an excess of butyl alcohol. The 
water is taken off and butyl alcohol plus any butyl acetate that comes over 


Flow Sheet for Butanol Production 
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are returned to the still. The butyl acetate is freed from butyl alcohol by 
fractionation. 

Cellosolve. Cellosolve is the mono ethyl ether of ethylene glycol. 
This excellent medixun boiling nitro cellulose solvent is a synthetic product 
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produced from ethylene gas. The ethylene can be obtained in several 
different ways. It is present in the gases corning off cracking stills, and 
also can be made verj-^ readily by the dehydration of ethyl alcohol. Ethyl¬ 
ene is chlorinated and the chloride is h^’drolyzed, fonning either eth^dene 
glycol or ethylene oxide. It is from these products that the mono ethyl 
ether is made, the ethoxy group being substituted for the hydroxyl group 
in the ethylene glycol. 

Cellosolve is ver>' popular in the lacquer industry, and is now being 
produced on a ver>' large scale. 

Cellosolve Acefatc. Cellosolve acetate i.s the monoethyletherof ethylene 
glycol acetate. In other words, it is cellosolve esterified with acetic acid. 
This has a high-boiling point and low vapor pressure and finds fairly exten¬ 
sive use as a lacquer solvent. 

Butyl Cellosolve. This is the mono butyl ether of ethylene glycol. It 
is very similar to the ethyl ether but boils at a much higher temperature, 
has a much lower vapor pressure and apparently has greater solvent 
powers than cellosolve for many of the resins as well jis for nitro cellulose. 

Nitro Cellulose. Nitro cellulose is the film-forming constituent in the 
lacquer, and its solution when spraye<l on a surface will evaporate rapidly, 
causing a skin to fonn. The solvent beneath this skin iimst, however, 
be entirely removed by evaporation. It is necessary, therefore, for the 
bubbles of solvent vapor to puncture repeatedly this skin. The final 
result is an extremely porous film. All nitro cellulose clear films are of this 
character. It is, therefore, easy to understand why in the presence of 
light and moi.sturc a clear nitro cellulose film deterionites. It is necessary, 
in order to protect the nitro cellulose, to pigment the lacquer. The pig¬ 
ment not only protects the nitro cellulose from the light but it also has a 
tendency to fill up the pores and prevent the absorption of moisture. 

It is, therefore, impracticable to place a clear nitro cellulose skin over a 
pigmented coat when the article is to be used out in the sunlight and is 
subject to the effect of sudden atmospheric changes. The modem auto¬ 
mobile lacquer is a pigmented lacquer even to the last coat. It is, there¬ 
fore, quite different in appearance from the old-time varnish job in which 
there were numerous clear coats of varnish placed on top of the pigmented 
under-coat. The old-time varnish job had an e.vtremcly brilliant mirror- 
like appearance whereas the modem lacquer at its best has to rely on bril¬ 
liant colors, very careful polishing, and a temporary coating of hard wax. 

It would be very desirable if it was possible to make a cellulose ester 
that could^be substituted for the present nitro cellulose and which would be 
stable to both light and other changes of temperature and humidity. 
Unfortunately such an ester has not yet been produced, at least on a com¬ 
mercial scale, and the lacquer industry is turning more to the development 
of a synthetic resin which would have these desirable properties. 

Manufacture of Nitro Cellulose .^—Nitro cellulose used in lacquers is 
* Copyright, 1928—Finishing Research Laboratories, Ino. Chicago, lU. 
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manufnctiirod by tho samo process as ordinarj’^ pcimcotton (Fig. 396). The 
control, however, i.s nuich more rigorou.s. Usually the viscosity is lowered 
to the desired figure by boiling the nitro cellulose in the presence of water 
and a basic sjilt such as soiliuni acetate. 
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Fiq. 30Gr— Flow Sheet of Nitro Cellulose Manufacture. 


The resulting product is far from uniform. The nitrogen contend 
varies from 12.2 to 12.4 and its viscosity is usually around one-half or two 
seconds as determined by an empirical test. 

Resins» The natural resins are added to lacquers in order to incr^se 
the body, and improve the gloss, brilliance and adhesion of the final film. 
They also have a tendency to render the impervious to moisture^ 
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This is presumal>ly «luo to the fact that they have a tendency to fill the 
pores formed by the evaporating solvent. 

At the present time most lacquers contain equal amounts of nitro 
cellulose and resins. This permits a lacquer film to bo readily rubbed and 
polished. lCv<*n with large quantities of resins present, viscosities are not 
materially increased and the lacquer will flow freely through a gun or spray 
over a brush. 


Resins are generally classiln-d by their solubility, 
is given below: 
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The word “soluble” in this classification means that 95 per cent by 
weight or more of the resin is soluble in the solvent, but it is no indication 
of how much solvent was required to dissolve one unit weight of the resin. 
The maximum concentration of resin in the solution is much greater with 
the soft resins (rosin, dammar, ester gum, etc.) than it is with hard resins 
(kauri, Congo, etc.). If solutions are made using the two types of resins 
in the same concentration and the same solvent, the soft resin solution 
will be much less viscous. Some resins—for example, shellac—have a 
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waxy residue if not "refined.” This residue is not considered as part of 
the resin in this sohibility classification. 

It should be noted that anhydrous solvents were used throughout in 
making up the above data. Small amounts of water present in a solvent 
will materially affect the solubility of the resin. Resins which are soluble 
in alcohols appear to be more soluble in ethyl alcohol and less soluble in 
the higher alcohols. It is also apparent that a combination of alcohol 
and ester furnishes a nearly universal solvent for resins. For practical 
lacquer formulation, it is also necessarj' for the resulting resin solution to 
blend with a nitro cellulose solution. Otherwise one of the constituents 
will bo thrown out and the film will become clouded, known as a "blush.” 
It has been found that a combination of alcohol, ester, and hydrocarbon 
not only acts as an excellent solvent for resins but the resulting solution 
in most cases blends satisfactorily with the nitro cellulose solution. 

Synthetic resins have been developed which not only contribute body, 
brilliance, gloss and adhesion to the film but also add to the film strength 
and durability. As there are literallj’’ thousands of organic chemical reac¬ 
tions which will produce a plastic or resin, it seems quite probable that 
other synthetic resins will be produced with far more desirable qualities 
for lacquer purposes than any of the natural or s>'nthetic resins we now 
have. 

Synthetic rosins such as the phenol formaldehyde typo have great 
durability and will withstand a very great variety of corrosive agents. If 
it were possible to find a resin which was soluble in a variety of common 
solvents and upon evaporation of the solution would produce a tough and 
eliistic film, it might be desirable to cut dowm the nitro cellulose content, 
and it might become practicable to eliminate the nitro cellulose entirely. 

It would be advantageous at the present time for a great many pur¬ 
poses to develop a synthetic resin which would stay plastic while in solu¬ 
tion for a few hours in order that the lacquer would flow like a varnish. 
In other words, it would be very desirable for interior and furniture fin¬ 
ishes to have a lacquer which would not set rapidly but would permit 
extensive brushing and would flow into the small crevices and cracks and 
in the end produce a level, smooth and glossy surface without extensive 
polishing. It would not be necessary for this type of lacquer to dry in 
two or three hours. A longer period of time would be equally satisfactory. 
Attempts arc now being made to develop synthetic resins for this very 
purpose. Among those that are most promising at the present moment 
are the so-called glyptal resins, the product produced from phthalic anhy¬ 
dride and glycerine or similar substances. 

It would be even more desirable if it were possible to develop a lacquer 
which would utilize a portion of the solvents in order to form the perma¬ 
nent film rather than necessitate the complete removal by evaporation of 
the solvents. In other words, it would be desirable if the synthetic resin 
with film-forming properties could be produced, not outside and then dis- 
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solved in the Ificqucr but in the film it-5ielf, as evaporation was takinj^ place. 
This would prevent the fonnation of the porous structure which i.s an 
essential feature of the modem nitro cellulose lacquer. It is conceivable 
that one or more solvents containing some nitro cellulose or other ingredi¬ 
ents coul<l be mixed with a catalyst for the condensation or poljunerization, 
just prior to application. The nitro cellulo.se j)res<'nt would have a ten¬ 
dency to set the laetjuer on the surface and prx'vent it from running off. 
The coabnl article would then be placed in a hot room with a temr>oratiire 
in the neighborhood of 145^ F. and at this temperature in the presence of 
the catalyst the condensation reaction would commence and go to a definite 
conclusion. 7'hc resulting film would be composed larg^dy of the sjm- 
thetic re.sin produced by the condensation or the poIjTnerization of the 
solvent, and would, of course, have to have the various desirable qualities 
mentioned above. 

Solvents. The solvent in the ordinary nitro cellulose lacquer must be 
a good solvent lx)th for the nitro cellulose and the resin. Its solvent 
powers should not be checked by the presence of small quantities of 
wat<?r, it should evaporate Ripidly at first and then slowly in the end in 
order to pennit the lacquer to flow’ out w’ell and obt^iin a smooth even 
surface. The resulting solution inu.st have a low vi.scosity. The solvent 
is partly responsible for this desirable characteristic. The solvent should 
preferably have no objectionable odor and its fumes, of course, should be 
non-toxic. It should be made in large quantities at a relatively low' cost, 
and the resulting solution should withstand dilution w'ith hydrocarbons 
which arc the common diluents. Raw materials for its manufacture 
should be abundant. 

Solvents are generally classified according to their boding point. They 
function, however, according to their partial pressure in the particular 
solution, but this property is difficult to measure and the boiling point 
classification is considered satisfactory. 

There are four cla.ssifications, the low boilers boiling l>clow 100° C. 
anhydrous ethyl alcohol and ethyl acetate are examples; the medium 
boilers boiling around 125° C., butyl and amyl alcohol and acetates are 
c*ftimplcs; the higli boilers boiling between 150° and 200° C., ethyl lactate 
and diacctone alcohol are examples; and the plasticizers boiling near or 
above 300° C., tri-crcsyl phosphate, di-butyl phthalatc and di-amyl 
phthalate arc examples. The functions of these various groups are as 
follows: The low boilers, owing to their high evaporation rate, give the 
lacquer the quick-drying property, the medium boilers contribute largely 
to the flow, the high boilers act as residual solvents and stay in the film 
for some time, thus preventing precipitation of any of the constituents. 
They also contribute to the final flow. The plasticizers largely affect the 
resins. They seem to increase the adhesion of the final film and they 
have a tendency to lend a certain amount of film strength to the resins. 
Also, when present in appreciable quantities, they affect the final flow of 
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the lacquer. The solvent powers of combinations both for the nitro 
cellulose and for the resin arc usually greater than any single solvent 
alone. There have been developed in the last years several powerful 
nitro cellulose solvents wliicli exhibit the properties of two different types 
of compounds. Ethyl lactate, which may be considered an alcohol as 
well as an ester when its molecular structure is examined, has proved to be 
one of the most powerful nitro cellulose solvents ever made commercially. 
Cellosolve, the mono ethyl ether of ethylene glycol, is another excellent 
example. This compound is a combination of ether and alcohol; cello-r 
solve acetate, a combination of ether and ester. Future development in 
lacquer solvents will probably be confined to this two-type solvent. It 
would be desirable to bring in a third type within the molecule if possible. 
At present these two-type solvents are always used in connection with 
hydrocarbons so that the resulting mixture is really a three-type mixture. 
The presence of the hydrocarbon diluent is a material advantage to the 
increased solvent powers of the mixture over the single solvent. 

Diluents. The common diluents are benzol and toluene. These aro¬ 
matic hydrocarbons blend much better with the nitro cellulose solvents 
tlian do the aliphatic hydrocarbons, for example, petroleum fractions. 
lOvidently the aromatic hydrocarbon is not as nonpolar as the aliphatic 
hydrocarbon and therefore more closely resembles the alcohol and esters 
which are the nitro cellulose solvents. 

As these hydrocarbons are quite strong solvents for the resins it is 
desirable to use large quantities of these compounds and to select particu¬ 
lar hydrocarbons which will be compatible with the nitro cellulose sol¬ 
vents used. 

The great difference between nitro cellulose and sQmc of the natural 
resins makes it extremely difficult to get a combination of nitro cellulose 
solvent and hydrocarbon which will hold in solution through the entire 
evaporation period both the nitro cellulose and the resin. 

Lacquers. The modern lacquer differs from the old-time lacquer 
chiefly because of the new type of nitro cellulose used and the new type 
of solvents. Nitro cellulose formerly employed in lacquers gave a very 
viscous solution when present even in small amounts. The modem low 
viscosity nitro cellulose gives a reasonable viscosity even when present in 
very large amounts in the solution. This reduction in viscosity is also 
partly due to the new and improved solvents used in the lacquer. It is 
necessary to put into solution large amounts of nitro cellulose and resins 
and at the same time have a solution that will operate well in a spray gun 
or can be put on with a brush. It is necessary in the end to obtain a single 
coat of sufficient thickness. 

The modem lacquer is composed of nitro cellulose, resin, plasticiser, 
pigments (optional), solvents and diluents. 

Nitro cellulose is the film-forming constituent. This is its chief func¬ 
tion. The resin is put in for various reasons largely to give more body to 
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the coat. It usually iiioreasos the adhesion to tlie surface, improves ilie 
gloss and p(*rinits easy rubbing or polishing of the surface. It lias, liow- 
ever, practicaIl^• no film forming properties. In other words the strength 
of the filtn depends entirely upon the nitro cellulose. This is a detriment 



Elo. 397.—Elow Sheet of Ljie<juer Mnnufiicture. 


and attempts are now being made to produce syntlietic resins which will 
have actual film strength. 

Manufttciure of Lacquers.^ Manufacture of the modem lacquer is a 
relatively simple process—a mere mixing of ingredients with equipment 


* Copyright, 1028. Finishing Research Laboratories, Inc. Chicago, III. 
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which has already been used for many years in the paint and varnish 
industry. A common flow sheet showing this manufacture is given in 
Fig. 397. The composition of the modem lacquer varies very greatly. It 
might be considered to be roughly as follows: 25 per cent of the total 
weight solids, 75 per cent liquids, 30 per cent of the solids nitro cellulose 
and the same percentage resins, 10 per cent of the solids a plasticizer and 
30 per cent pigment; 50 per cent of the liquids present would be medium 
and high boilers, 10 to 25 per cent of the liquids would be low boilers and 
the remainder would be diluents. 

Application. Lacquer is usually applied, except in the household, by 
means of spray guns. These guns arc quite commonly used for all paint 
and varni.'sh work. The lacquer is merely atomized with compressed air 
and shot in small droplets on to the surface. The technique of using one 
of these guns is rather simple to master and the resulting surface is free 
from brush marks and other blemishes. 

Lacquer application to automobiles is done in spray rooms which are 
located along the line. After spraying the undercoat the body moves along 
to the next spray room where the other coats are put on. It then travels 
through a drying oven, in which the temperature is not over 145® F. 
Sometimes drjdng is done between coats in these drying tunnels, but on 
the whole the application of lacquer, especially to automobile bodies, is a 
very rapid and simple operation. The use of clear lacquer on furniture 
has given more difficulty because of the high polish required and the lack 
of the bright-colored pigments. 

Lacquer is applied with a brush in the household, in a similar manner 
to paints and varnishes. For interior decoration of houses and other 
buildings it has been found practical to use a truck with an air compressor 
installed. The air lines are run through the windows in the building and 
the workmen work with a regulation spray gun. This form of application 
is extremely satisfactory except in very small spaces, for example, cup¬ 
boards. Care has to be taken that the solvents used are not toxic and it 
is wise to make use of aspirators and face masks. 
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SUGAR 

CLAl’DE S. HUDSON • 

ProfesRor of ChcmUlry, Hygienic Laboralory, Wanhington, D. C. 

Introductory. Highly refined commercial sugar consists of sucrose. 
The word “sugar,” as used in this article and commercially, refers to 
sucrose of various degrees of purity. 

Sucrose i.s widely distributed in the vegetable kingdom; two plants, 
however, supply practically all of the world's sugar. These arc the sugar¬ 
cane {Saccharum officijiarum) and the sugar beet {Beta vulgaris). Cane is 
grown throughout the tropics and in some sub-tropical regions; the beet 
is produced in most parts of Europe, the northern and Pacific coast states 
of this country and in Canada. 

Other plants producing commercial quantities of sugar are certain 
palms and the maple tree. For the purposes of this article it is only 
necessary to consider the two preponderating branches of the sugar 
industry, the cane and the beet. The canc now produces 70 cent per of 
the world’s sugar supply. 

In sugar manufacture all substances cont-ained by the plant juices 
other than sucrose are considered to be impurities. The word “impurity” 
is used in this sense in this chapter. 


Cane Sugar 

Raw Material and Its Preparation. The raw material, sugar cane, 
is botanically a large grass. The approximate composition of the stalks^ 
the part of the plant used in sugar manufacture, is shown in the following 
table by Dr. Charles A. Browne, Jr .,2 and represents Louisiana cane 
during the manufacturing season. Tropical cane probably varies but 
little from this analysis except as regards the sugars, fiber and water 
content; 

‘This is a revision of the chapter on sugar from the former editions, which 
written by the late G. L. Spencer. 

* “Hand-book for Cane Sugar Manufacturers," Spencer, 0th Ed., p. 6. 
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Water 


74.50 


Ash 


0.50 


Fiber. 10.00 


Sugars*. 14.00 


Nitrogenous l) 0 (Hes. 0.40 

(Total N = 0.06 per cent) 

Fat and wax. 0.20 

Pectin (gums). 0.20 

Free acids. 0.08 

Combined acids. 0.12 


74.50 


Silica, Si02. 0.25 

Potash, K 2 O. 0.12 

Soda, Na20. 0.01 

Lime, CaO. 0.02 

Magnesia, MgO. 0.01 

Iron, Fe 203 . trace 

Phosphoric acid, P20ft. 0.07 

Sulphuric acid, SO 2 . 0.02 

Chlorine, Cl. trace 

Cellulose. 5.50 

Pentosans Xylan. 2.00 

. 

Cane gum Araban. 0.50 

Lignin bodies, etc. 2.00 

Sucrose. 12.50 

I Dextrose (d-Glucose). 0.90 

, Levulose (d-Fructose). 0.60 

Albuminoids. 0.12 

Amides (as asparagin). 0.07 

Amino acids (as aspartic) .... 0.20 

Nitric acid. 0.01 

Ammonia. trace 

Xanthin bodies. trace 

. 0.20 

. 0.20 

(malic, succinic, etc.). 0.08 

(malic, succinic, etc.). 0.12 


Total.100.00 


100.00 


The cane grown in tropical countries usually contains an average of 
approximately 14.0 per cent sucrose, little or no levulose (when mature) 
and in all less than 1 per cent of reducing sugars. The fiber ranges from 
10 to 12 per cent and even higher. 

The cane is propagated from pieces of the stalk, termed “seed,” 
which are planted in furrows or in clumps according to soil conditions. 
The young plants sprout from the buds at the nodes or joints of the cut¬ 
tings and quickly establish themselves, soon forming large clumps and 
thick, almost impenetrable rows. The plant matures in the dry season 
in the tropics and is harvested at this time. It never reaches full maturity 
in sub-tropical countries and is harvested for the manufacture of sugar 
in the autumn. 


* The presence of raffinose has been reported but not confirmed (G. L. Spencer). 
The reducing sugars are grouped under the term "glucose” in cane sugar factories. 
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1 ho stalks arc cut close to the frroun<l, frecci of their leaves and the top 
joints arc removed at the highest one showing signs of maturity. Tliis 
point is determined by the color of the stalk. The clean stalks arc 
removed to the factory as soon as pos>il)le after cutting. In Loviisiana, 
however, owing to danger of frost <lamage late in the season, the stalks 
are cut and covered or windrowed arnl left in the fieUIs until needed. This 
is not feasible in tlie tropics, as the cut caiu* would soon ferment if left in 
the fields, and must therefore be promptly milled. 

The stubble is left to produce a crop of ratoons, to be harvested the 
following season, and where soil and climatic coiulitions are favorable, 
s(‘veral successive crop.s may be secured from one planting. But one 
ratoon crop Ls usually har\'e.ste<I in I.oui.siana. 

Until recent years the true seed of the cane was not known to be 
fertile, but since the discoverj* that cane <1 <m*s produce some f(*rtile seed, 
c'xten.sivc e.xperiments in the culture of see<Ilings have resultetl in a number 
of new and valuable varieties of cane.s. 

In the preparation of the stalks for milling it i.s ver>' desirable that 
they be freshly cut and that all leaves (trash) and immature joints be 
removed, since the trash reabsorbs juice in the milling process, and the 
unripe joints contain little sucrose and much invert .sugar. Unfortunately 
labor conditions are usually such that the cane docs not reach the mills 
in a clean state and freshly cut. 

Manufacturing Processes. Thc.se proce.s.scs include the e.xtraction of 
the juice from the cane, its purification, concentration, ciystallization of 
the sugar, and the separation of the crystals from the iiiother liquor 
(molasses). 

Extraction of the Juice. The milling process Ls used almost without 
<*xception for the extraction of the juice. The dilTusion process, described 
farther on in connection with the beet sugar industry, is no longer used, 
except in perliaps a half dozen factories. 

As the cane arrives from the fields, it is unloade<l upon an elevator 
consisting of endless chains with projecting arms or upon a belt-ilkc con¬ 
veyor composed of endless chains and wooden slats. In several unload¬ 
ing devices, the loaded cane car is tilted endwise or sidowi.sp by liydraulic 
power and the loa<J is discharged upon the <*lcvator or conv’oyor. 

The conveyor delivers the cane into a preparatory machine called a 
shredder or crusher, according to its type, which tears it into shreds or 
crushes it. The Fiskc or National shredder, the pioneer of these machines, 
lias two corrugated steel rolls driven rapidly in opposite directions, one 
at a liighor speed than the other. The rolls nearly touch one another 
and strong springs at the bearings permit them to separate with a heaxy 
feed of cane. This machine tears the cane into fine shreds; the juice 
extracted is immediately reabsorbed. Crushers also have two corrugated 
steel rolls driven in opposite directions but at the same speed. The cor¬ 
rugations are small and have sharp edges. The crusher rolls revolve very 



1170 


INDUSTRIAL CHEMISTRY 


slowly, crushing the cane and expressing about one-half the juice it con¬ 
tains. The Krajcwski and Fulton are well-knowTi types of these machines. 

The rind and joints of the cane are vcr>’ hard and offer great resistance 
in milling, hence the desirability of first breaking up the cane by machines 
requiring comparatively little power. 

Milling plants arc composed of various combinations of crushers and 
three-roller mills arranged in a train or “tandem.’' Very large plants 

include three such trains. The rolls are 
formed of cast-iron sleeves, forced upon 
steel shafts by hydraulic pressure and held 
in place by special devices. The rollers 
are mounted in suitable massive cast-iron 
or steel housings. A grouping of a single 
crusher and four mills is shown in Fig. 399. 
The cane capacity of a milling plant is 
increased with an increase in the number 
of crushers and mills in the combination, 
as also with an increase in the length of the 
roller. The maximum practicable roll di¬ 
ameter is about 36 ins., a number determined 
by the facility with which the cane may be 
^ fed into the mill. The grooving of the 
TO roller also has an influence, as is shown 
^ fart her on. Trains including double crushers 
and six mills, or 22 rollers in all, are in 
successful operation. A train of moderate¬ 
sized mills may be driven by a single steam 
engine, but it is customary in large plants 
to drive the crushers with one engine and 
group the mills in twos or threes on separate 
engines. Electric motor drive is now used 
in an increasing number of plants in which 
case each milling element is driven by a 
separate motor. Hydraulic pressure is ap¬ 
plied to the top roll of each element. The 
hydraulic rams are shown under the crusher 
and mills in the illustration. 

The following dimensions are typical of 
the large mills now in general use: Rollers, 
36 ins. diameter X 84 ins. long; roller shafts, steel forgings; journals, 17 
ins. diameter X 21 ins, long. These dimensions are sometimes ex¬ 
ceeded, though few rolls are longer than 84 ins. The weight of such a 
top roller with its shaft is approximately 28,000 lbs. 

Hydraulic pressure is now usually applied upon each top roller of the 
train and no longer to the bagasse roll. Beginning with the double crush- 
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crs and continuinj; through a train of five mills, mUl by mill, the following 
numbers will indicate the approximate loads applied to rolls of S4 ins., as 
above described: 170, 235. 400, 500, 500, 500, 500 tons. There is no fi.xed 


practice in this regard, since the load must be modified to suit the character 
of the cane and the application of maceration or sjituration water and for 
the grinding capacity demanded. It is the object to thoroughly crush the 
cane and thus prepare it to absorb the water that is sprayed upon it as it 
leaves a mill and f)lace it in condition for still heavier crushing in the sub¬ 
sequent mill. The woody resi<lue of the cane, termed baga.sse, leaves the 
last mill with a moisture content usually well below 50 per cent. 


The null rollers are so arranged that the cane is crushed twice by each 
3-roIl mill, and at each successive cnishing the cane passes through a smaller 
opening than before. The last mill is usually “set” with its back or 
bagasse roll and the top roll almost touching one another, or to use the 
factory term, “iron to iron.” A cur\'ed knife or turn plate guides the 
crushed cane from one pair of rolls to the next. Notwitlistanding the 
great strength of mill rolls and shafts these are often broken by the strain¬ 
ing to which they are exposed. 


The rinds and joints of the cane are ver>' hard and offer great resistance 


in milling. Further, good penetration of the saturation water requires 
that as many as possible of the juice cells be broken in the first sbiges of 
the grinding. The crushers that have been described are designed to 
effect this destruction of the cells. An n<lvance has recently been made in 
both Cuba and Hawaii in the preparator>' crushing and shredding. 

The. Fulton crusher is now also made double, i.e., the cane passes 
through one crusher and directly into a second. The double crushing 
greatly increases the capacity of the milling plant and materially improves 
the extraction of the sugar. The first crusher is driven by a separate 
engine and the other by the engine that drives the first two or three 
mills. 

The Hawaiian improvement is in the addition of a Searby shred<ler. 


This machine is a modification of a hammer mill in which a large nuniber 
of hammers beat upon the cane and separate the fibers. This shredder 
may operate directly upon the entire cane or upon that broken by a 
crusher. Compared with Cuban practice, a small hourly cane-grinding 
capacity is required of the mills in Hawaii. The small grinding rate facili¬ 
tates obtaining a high extraction, this number often passing 98 per cent 
with the combination of shredder and multiple mills. 

A recent Cuban plant consisting of two crushers and 18 mill rolls has 
shown a capacity exceeding 135 tons of cane per hour, with an extraction 
of 94 per cent of the sugar in the cane. The mill rolls are 7 ft. long by 
36 ins. diameter. 

Where large capacity is necessary, it is considered advisable to use a 
long train of mills and drive the crushers by one engine, the intermediate 
mills by a second and the last two mills by a third engine. This arrange- 
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merit increases the flexiliility of the train and facilities the speed adjust¬ 
ment of the various rolls so that they operate in harmony. 

A further marked improvement in millinR, since the earlier editions of 
this book, is in the grooving of the mill rolls. Formerly small circum¬ 
ferential grooves, spaced about six per inch, V-shaped, were turned in the 
roll shells. The size of the grooves has been gradually increased and now 
frequently but three per inch are used. A decided gain as regrards cane 
capacity and juice extraction has been secured by turning very deep narrow 
juice grooves in the shell of the feed or cane roll at intervals of about 2.5 
ins. Tliesc grooves are about 1.5 ins. deep. The bagasse bridges over 
the grooves and the juice is forced into them. Similar grooves, but 
much smaller, are cut in the discharge or bagasse rolls. This type of 
groove is known as the “Messchaert,” after its patentee. A similar result 
is obtained with the Hind-Renton grooving. These grooves are V-shaped, 
the included angle being 30 degrees. The grooves are spaced two per inch 
and facilitate the passage of the cane and the removal of the juice. 

It is altogether probable that the introduction of double crushing and 
the deep juice grooves will lead to the use of much longer mill rolls and 
consequently to larger cane capacity. Modern materials and methods of 
construction overcome the objections that formerly held against the use 
of long rolls. Further, moderate roll pressures are necessary where 
thorough cnishing or shredding is practiced and the shafts can therefore 
be made of ample strength. 

Water is usually applied to the crushed cane or bagasse, as it is now 
termed, as it emerges from the rolls of the first and second mills. The 
bagasse is in the condition of a sponge that has been squeezed nearly dry 
and quickly absorbs the water, which dilutes a part of the remaining 
juice. The subsequent milling of this moistened bagasse extracts more 
sugar than would be obtained with dry crushing. The water is often all 
applied to the bagasse from the next to the last mill and the thin juice 
from the last mill is pumped back upon the bagasse from the others. There 
are various modifications of this method, depending upon the number of 
mills in the series. In this method, all the juice extracted by all except 
the last mill is pumped to the defecating apparatus for the next stage of 
the manufacture. This use of water on the bagasse is termed “ satura¬ 
tion,” “maceration” or “imbibition.” 

The final residue is known as “bagasse” or, in the British colonies, 
“megasse.” It is conveyed directly from the mills to special furnaces, 
where it is burned for the generation of steam in the boilers. All modem 
cane factories are operated by steam. 

The bagasse, with very good milling, contains about 50 per cent marc 
or woody fiber and less than 46 per cent moisture. Good bagasse has a 
fuel value of from 2700 to 3000 B.t.u.'s, and in many tropical plants sup¬ 
plies all the fuel required in the manufacture. The majority of factories 
must supplement this fuel with wood, coal, or oil. The cane factory 
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require? a boiler installation of approximately loO H.P. per 100 ton? cane 
ground per twenty-four hours. Tliis number depend? upon tin* efficiency 
of the plant, tlie quality of the cane and the class of sugar manufactured. 
In recent years bagasse has found considerable utilization in the manu¬ 
facture of wall-boartl of the “Celotex” type. 

The loss of .'^ugar in the bagasse varies greatly in different establLsh- 
ments. This loss approximates 0.5 per cent of the cam* with a train of 
double crushers and five 3-roller mills, u.sing an abundance of saturation 
water. The grinding rate, saturation, mill setting, and character of the 
cane influence the loss, ^^'ith excell<*nt milling ami liberal .?iduration 
(25 to 30 per cent water) more than 96 pt‘r cent of the sucrose in the cane 
may be extracted in the juice. These numlxTs all indicate much better 
results than are obtained witli the average equipment. Where local condi¬ 
tions of cost of cane and value of product justify additional manufacturing 
expen.se, the extraction may reach 98 per cent and the bagas.se contain 
less tlian 2 per cent of its original sucrose content. 

The yield of juice by milling varies with the quality of the cane it.self. 
Woody canes yield less juice than those of low fiber content and immature 
canes more than ripe, rich stalks. By drj-- crushing—i.e,, without Siitura- 
tion, 75 per cent of the weight of the cane in juice may be readily obtained 
with the immature canes of Ix)uisiana, whereas in the tropics it usually 
requires very heavy milling and liberal use of Siituration water to express 
an e<juivalent (juantity. 

The present tendency is toward the construction of ver>* heavy milling 
plants with rolls 78 to 84 ins. long, arranged with two crushers and five 
to six strong mills set “tandem.” Great attention i.? paid to the foundry 
mixture in casting the rollers, to obtain an iron that is neither too hard 
nor too .soft, and that will retain a slightly roughened surface that reduces 
the tendency of the cane to slip and clog the mill. Such mills will grind 
from 2500 to 3500 tons or more of cane per twenty-four hours. 

Purification of the Juice. Defecation Process. The juice as it exists 
in the cane, the so-called normal juice, is of ver>' complex composition and 
varies with .soil and climate. In addition to sucrose, levulos<*, and dex- 
tro.se, it contains siilts of potash, soda, lime, magnesia, and iron, with 
phosphoric, sulphuric, hydrochloric, nitric, and organic acids, amides, 
amino acids, ammonia, xanthin bodie.s, pectin, etc. The milling process 
add.s to the complexity, a.s it extracts other impuritie.s, such jus wax, fats, 
chlorophyll, and coloring matters. The juice and product.s are colored 
somewhat in the manufacture, through polyphenols and iron combinations 
of these. During the milling process, polyphenols Jire introduced into the 
juice from the cane rind and fiber. The fiber contains sjxccharetin, which 
tunis yellow and becomes soluble on the addition of lime. Saccharetin 
forms an intensely black compound with iron. 

From the above statement it is evident that full separation of the 
sugar from the impurities is impracticable, except by a refining process. 
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The first stago of the purification is thorough mechanical straining, to 
remove fiber and saccharetin and mechanical impurities that have adhered 
to the canes. Aside from its introduction of saccharetin, the fiber is 
objectionable in that it often reaches the raw-sugar products and promotes 
deterioration through moisture absorption. The juice flows from the 
mills upon perforated brass plates having from 342 to 400 round holes per 
square inch. The surfaces of the plates are kept free of trash by mechanical 
scrapers. The trash is returned to the mills for regrinding. 

The strained juice is now ready for the next step, which varies some¬ 
what with the grade of sugar desired. The defecation process is used in 
making raw sugai-s and modifications of this, combined with sulphitation, 
or carbonation and sulphitation, in producing direct consumption white 
and yellow sugars. The raw juice is turbid and alwa3's of an acid reaction. 

The juice is run into largo tanks, where the acidity is nearly neutralized 
with either milk of lime or dry slaked lime. It was formerly the tropical 
practice to add the lime in considerable excess of the requirement for 
neut ralizing the acidity, and many factories still operate in this way. Over- 
liming results in the de.struction of a part of the glucose and the introduc¬ 
tion of very objectionable decomposition products. The glucose of ^le 
sugars is desirable to the refiners in making “soft” sugars and for syrup 
production. In a typical Cuban factorj-^ the juice is limed to an acidity 
corresponding to about 0.2 to 0.25 ml. 1/10 N alkali per 10 ml. juice, 
phonolphthalein indicator. This results in reducing the glucose loss to 
a minimum and is sufficient to protect the sucrose from inversion in the 
subsequent processes. The limed juice is passed through tubular heaters 
to the defecators. These are tanks fitted with steam coils or steam 
jacket at the bottom. Many factories lime the juice in the defecator. 
The limed juice is now heated with steam. The heat is continued until 
a heavy blanket of scum rises to the surface and breaks or “cracks.” 
When the cracking point is reached the heat is discontinued and the juice 
is left at rest for the precipitates to settle. This process separates nearly 
all of the albuminoids, partly by coagulation, and a part of the acids, fat, 
wax, and gums. Some lime salts are formed and persist throughout the 
manufacture. A part of these salts subsequently deposit upon the heating 
surfaces of the evaporating apparatus. If the process is conducted with 
care, there is no decomposition of the sugars, but with excessive liming 
the invert sugar is decomposed in part and forms dark, bitter compounds 
with the lime. These lime salts impede the crystaUization of the sugar. 
The ripe cane frequently contains no levulose, but this sugar always 
appears in the molasses, even if no sucrose is inverted, and is attributed 
to the action of the salts upon the dextrose. In an acid defecation, as in 
making white sugar, if insuflficeint lime is used, inversion of sucrose occurs. 

After allowing sufficient time, usually an hour or longer, for the subsi¬ 
dence of the precipitates, the clear juice is decanted from between the 
blanket of scum and the mud at the bottom of the defecator. The clear 
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juice is nin into storage tanks preparatory to the evaporation. Tlie scum 
and mud, mixed together, are pumped into filter presses and the filtrate 
is added to the clear juice alreatly obtained. The prt>ss-cake is u.<ed as a 
fertilizer or on many estates is wasted. Tlie sugar content of the cake is 
reducetl by either wasliing it with water whik* still in the pr(*ss or by 
removing the cake, beating it to a cream with water and refiltering. The 
unwashed cake contains from 8 to 12 per cent of sugar, according to the 
richness of the cane and the quantity of water used in washing the mud 
from the defecators, and tliat by refiltration or thorough washing contains 
about 1 per cent. 

The filter press is that used in other industries. A frame press of a 
t>’pe very' generally used in sugar factories is illustrate<l in I'ig. 14. A 
heavy cotton cloth is placed over the groov(‘d or perforated plate 
shown next to a frame, in the figur<‘. \Mien all the plates are covered in 
this way and the press is closed a series of cloth-separated chambers is 
formed. The muddy juice is forced into these chamlMTS uruler a pressjire 
of 40 to 45 lbs. The cloth retains the {)recipitates and the filtrate flows 
from cocks connected with channels in the grooved plate.*?. 

A method by Thomas and Petree is now being introducetl, which dis¬ 
penses with filter presses. The precipitates and scum, forming the “ mud” 
or “cachza,” are treated as follows: The juice from the second mill is 
separately defecated and decanted. The defecated juice is added to the 
raw juice from the cnishcrs and first mill and this mixture is also defecated 
and decanted. The decanted juice enters the manufacture at the evaporat¬ 
ing station; the mud from these two defecations is mixed and distributed 
upon the bagasse at an early stage of the milling. The solid impurities 
arc taken uj) by the bagasse and arc repassed through the mills. The loss 
of sugar is determined by the milling efficiency. This method is used in 
combination wdth Dorr’s continuous clarifier. 

Phosphoric acid, or inonocalcic phosphate, is often use<l in I^uisiana 
in treating the mud before filter-pressing and usually with a view to im¬ 
proving the color of the filtrate. Lime is often added to the mud to 
promote filtration. It destroys glucose, if in excess, and is usually not 
needed. 

The defecation or clarification practice of Louisiana often differs from 
that of the tropics in saturating the juice with sulphurous acid before liming. 
The lime is added until the juice reacts only slightly acid to litmus paper. 
This treatment results in a heavy precipitate which carries dow’ii flocculent 
matter. Due to the acidity, the iron salts remain in the ferrous state in 
solution and traces of soluble acid sulphites are fonned. Normal sulphites 
are formed later during the evaporation and are finally partially eliminated 
by heating the syrup to near 90® C. The defecation of the juice is often 
followed by boiling and skimming it and the whole process is termed the 
“clarification.’^ Loss of sugar by inversion usually accompanies this 
boiling. 
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Sovoral typos of continuous settling tanks arc in use, through which 
there is a constant flow of limed and heated juice. The mud is con¬ 
stantly witlidrawn at the bottom of the tank and clear juice from near 
the top or from the upper parts of compartments. A danger exists in 
some of these tanks of decomposition of sugar bj’’ reason of certain spores 
that resist very high temperatures and lodge in the mud that adheres to 
the cooler surfaces. A recently designed tank, the Dorr clarifier, is free 
of this defect and is very efficient in its operation. The juice is settled in 
thoroughly insulated shallow compartments. The temperature of the 
juice and mud is maintained at near the boiling-point throughout the 
apparatus and the clear juice flows to the evaporator with very little loss 
of heat or sugar. 

The heating surfaces of defecators and clarifiers arc usually cleansed 
with muriatic acid. 

Sulphitation Processes for White Sugar. Plantation white sugar is 
made in Louisiana by the acid defecation process described above. The 
defects of this process are that it involves some loss of sucrose by inversion 
and difficulty in producing a sugar of uniformly good color. 

A modification of the sulphitation process that involves a minimum 
of sucrose inversion and produces a good plantation or near-white sugar 
is conducted as follows: The cold raw juice is heavily overlimed, that is, 


to very strong alkalinity. The lime is then saturated with sulphurous 
acid, obtained by burning sulphur in a special stove. The sulphitation is 
continued until the juice remains slightly acid to phenolphthalein, and is 
then heated to near 90° C., to break up lime salts. A voluminous pre¬ 
cipitate is formed, which is removed by settling, or by filter-pressing if the 
use of lime has been very large. The clear juice must be slightly acid so 
as to hold iron salts in solution. The clarified juice is concentrated to a 
syrup of about 54° Brix, or heavier, which is cooled and sulphited to dis¬ 
tinct acidity to phenolphthalein. This sulphitation is followed by heating 
to 90° C., settling and dccantating. The clear syrup is now ready to boil 
sugar. 

The Bach process, extensively used in Java, has recently been improved 
' and is now conducted as follows: 0.3 to 0.4 part of milk of lime of 26.5° 

' Mx is added to 100 parts of cold raw juice and this is then sulphited to 
^^int acidity to phenolphthalein. The sulphited juice is heated to full 
''boiling, then settled, and the clear juice is decanted and evaporated to a 
syrup of 55° to 60° Brix. The sjoTip as it flows from the multiple effect 
evaporator—i.e., without heating or cooling, is sulphited, and then 3 to 
4 parts of milk of lime (26.5° Brix) is added and the sulphitation is con¬ 
tinued to slight acidity to phenolphthalein. The sulphitation is fol¬ 
lowed by heating of the syrup to 80° to 90° C. and filtration through cloth 
in presses. It is claimed that this large use of lime in the syrup promotes 
the elimination of lime salts more efficiently than a smaller quantity and 
thus reduces the scaling of the heating surfaces of the vacuum pans. The 
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moderate use of lime in the juice results in little sciilinR of the juice-hea( 4 Ts 
and evaporators. The s>Tup filtration is rapid, from G to 8 pals, per h*>ur 
I>er square foot of cloth. 

Ihere is a great tendency in all sulphitntion proce.s.<es for the heating 
surfaces in contact with juice or syrup to scale. An acid reaction i.s 
essential to keep sulphites in tlie soluble form, atul iron, which is usually 
present, in the ferrous state. 

The Carbonation Process. The carbonation proce.ss, described farther 
on in the beet-sugar section, modified as to quantity of lime and tempera¬ 
ture conditions, is used to a ver>' limited extent, except in Java. In 

treating cane juice by carbonation ver>’ little lime is tised as compared 

with bect-.sugar work, and the temperature is kept b»*low 55® C. to pre¬ 
vent the decomposition of the invert sugar wliich occurs in the j)r<‘.'ience 
of lime at higher temperatures. Single carbonation may be used in 
treating cane juice, but never that of the beet. 

In the application of carbonation to the manufacture of plantation 
white sugar it is modified only by the addition of sulphitation. 

Kither the single or double carbonation may be used, thougli, 
theoretically at least, the double process is pn'ferable. The pro¬ 
cedure is as follows: The matter of costs decides which carbonation 

method shall be used. The single process requires less carbonic acitl, 
lime, filter cloth and labor. It possibly produces less sugar than the 
double process, but the reduction of costs probably usually offsets 
the reduced yield. The single carbonation is conducted in the cold 
precisely as a second carbonation or saturation, except as to the addi¬ 
tion of lime. Approximately 0.75 per cent of lime ((’aO) figured on 
the weiglit of the cane, i.s slaked and reduced to a milk of 35.7® Brix, 
and is ad<led to the raw juice and this is then carbonated to neutrality' to 
phenolphthalcin. 

In the double carbonation, approximately 2.5 per cent of lime is added 
to the raw juice and Ls then carbonated until there is a sharp separation 
of the precipitates. 7'hc juice is now filter-prcssoti. The filtrato sliould 
retain an alkalinity figured as lime (CaO) of 1 to 1.5 grams per liter. The 
filtered juice Hows to the second carbonation or saturation where it is 
again carbonated in the cold, this time to neutrality to phenolphthalcin. 
Near the close of the saturation, the temperature is gradually increased 
and when the neutral point is reached, it is quickly raised to about 75® C. 
The juice is now filter-pressed. 

As may be noted, the first carbonation is stopped in the double process 
before there is danger of decomposing the precipitates, whereas in the 
single process there is always this risk. If magnesia be pre.sent in the 
lime, it is removed in the double process, since its carbonate is insoluble 
in a strongly alkaline solution. 

After filtratiqn,: the juice is cooled to the air temperature and both it 
and the syrup arp ^ulphited as in the sulphitation processes. 
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Evaporation. The purified juice is next evaporated to a syrup of 
about 54° Brix (30° Baurn^). The evaporation is conducted in multiple- 
effect vacuum ev'aporators. 

There are several types of multiple-effect evaporators, but the basic 
principle of all is the same. The type employing vertical tubes is that 
generally used and the vessels are usually in a combination of four 
or in quadruple-effect. The triple-effect is described for brevity, 
Fig. 399. The evaporating vessels or “effects” of this combination, 
three in number, as more fully described in Chapter I, are vertical 
cylinders somewhat of the form of the vacuum pan shown in Fig. 400. 


In the lower part is a belt containing vertical brass 
or copper tubes through which the juice circulates, 
and which are surrounded with steam. This heat- 



PiG. 399.—SwoDson Triple-Effect Evaporator. 


ing belt is termed the “calandria.” The vessels of the triple-effect are 
arranged so that a vacuum may be maintained in each—e.g., 5 ins. in the 
first effect, 14 to 16 ins. in the second, and 26 ins. or as high a vacuum 
as can be secured, in the third. Exhaust steam from the various engines 
of the factory is used to heat the juice in the first effect; the steam gen¬ 
erated in boiling this juice is conveyed through the vapor pipe in the 
dome of this vessel to the heating calandria of the second effect. Juice is 
conducted from the first vessel to the second and from the second to the 
third. The vapor from the first effect boils the juice in the second by 
reason of the differences in vacuum and boiling-points, and the condensa-. 
tion of this vapor produces the vacuum in the first vessel. In the same 
way the liquor is boiled in the third vessel and the condensation produces 
the vacuum in the second. The vacuum in the third effect is produced 
by a pump and condenser. The water of condensation is removed by 
pumps, except from the first calandria, from which it flows by gravity. 
The evaporation is so conducted that a stream of juice is fed into the 
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6rst vessel and flows from effect to effect, gaining in density as it travels, 
and finally finished syrup of the desired density is constantly pumped 
from the third effect. This method is often extended to five vessels, 
which is termed a “quintuple-effect,” and so on. For various reasons, 
the vertical tube or standard tj-pe of evaporator Ls not often extended 
beyond five vessels in cane factories. The water from the steam con- 
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dcDscd in the calandrias is used for boiler feed-water and the surplus for 
maceration of bagasse and other purp>oscs, thus utilizing its heat. 

The method of producing the vacuum will be described later in connec¬ 
tion with the crystallization of the sugar. 

The differences of vacuum and the consequent differences in boiling- 
points of the liquors enable the multiple-effect use of the steam applied 
in the calandria of the first vessel. A triple-effect apparatus will evaporate 
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about 3 lbs. of water per pound of steam applied in the calandria of the 
first vessel; a quadruple-effect will evaporate about 4 lbs. and so on. 
The first vessel is frequently built with much larger heating surface than 
the others, that it may generate extra vapor for use in juice heating or 
vacuum pan boiling. The extra steam generated in the first vessel is 
circulated through the juice heater and raises the temperature of the 
juice to about the boiling-point. A part of the juice is evaporated in 
double-effect and all the juice is heated with economy. A separate vessel, 
termed a pre-evaporator or preheater, is often employed to increase the 
evaporative capacity and economize fuel, by heating juice in double¬ 
effect, and in boiling a calandria vacuum pan, thus extending multiple- 
effect evaporation to the massecuite. The preheater itself may be in 
double-effect or extra vapor may be taken from the second vessel of the 
evaporator. This gives triple-effect juice heating or vacuum pan boiling. 

Crystallization of the Sugar. The concentrated juice or syrup is 
pumped from the multiple-effect to storage tanks preparatory to the 
crystallization of the sugar. The crystallization is accomplished in a 
single-effect vacuum pan such as is shown in Fig. 400. 

The vacuum or strike pan. Fig. 400, is a cylindrical vessel, A, usually 
of cast iron, having a dome-shaped top with vapor pipe, B, and a conical 
bottom provided with a strike or discharge valve, C. The pan is equipped 
with large heating surface of copper, and steam and vacuum gauges, also 
sight-glasses, D, for watching the progress of the work, a proof-stick for 
drawing test samples and suitable pipe connections for syrup and molasses. 
The steam enters a manifold, E, from which it is distributed to the coils; 
each of the latter has a stop valve for steam, and drainage connections for 
condensation water. The vapors from the boiling sugar solution pass 
through a save-all, F, connected at the bottom with the pan, where they 
expand and meet baffle plates, so that sugar entrained with the vapor 
may bo returned to the apparatus. The vapors from the evaporating 
syrup pass into a condenser, G, in which they meet a shower of water. 
The incondcnsible gases are led off through a pipe, K, from the lower 
part of the condenser to a vacuum pump. The condensing water and 
water of condensation are carried off through the “leg pipe” or torricellian 
tube, //. The foot of the leg pipe is sealed with water, in the hot well, J. 

The above is a description of the “dry-vacuum system.” It is so 
called because only the incondensible gases are separately removed by the 
pump. In the “wet system” the condensing and condensation waters 
and the gases are carried off by the vacuum pump. The dry system is pre¬ 
ferred for large installations. Many factories use a condenser in common 
for the multiple effects and vacuum pans. 

In crystallizing the sugar, the pan boiler proceeds as follows: Having 
produced a vacuum in the pan he draws in what he deems to be sufficient 
syrup for graining the “strike,” and evaporates it to a saturated sugar 
solution at the desired temperature. He regulates the boiling-point by the 
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injection of water into the condenser, tlius controlling the vacuum. \\ hen 
ready to form the crj-stals, i.e.. grain tlie strike, he heats the liquor to a tem¬ 
perature of from 00° to 70° the grade of sugar desired determining this 
condition. At this stage there are two customary metluxls of procedure: 
In the method usually followed in the cane-.'^ugar factories, the concentra¬ 
tion Ls continued, maintaining a constant or slightly rising tem|>orature. 
until crystals of sugar begin to appear in the boiling li(iuor. By niean.s 
of the proof-stick, the pan-boiler withdraws a small s^imple of the litiuid 
and examines it upon a glass plate hy transmitted light. He continues the 
concentration and these tesUs until a sufficient number of cry.stals have 
sepamfed, dependent upon the grade of sugar ho is making, and then 
admits a small charge of .syrup to the pan and frees up the boiling mate- 
ruil, being careful not to remelt the almost microscopic crystals nor to cool 
the liquor sufficiently to cause additional cry.stals to form. 

In the second method of graining, the concentration of the .syrup is 
continued until the appearance of the thread, formed by rapidly separating 
the thumb and finger moistened with the test siimple, shows that the liquor 
Ls sufficiently Sfituratcd with sugar. The pan-boiler now increa.ses the 


injection of cold w'atcr into the cotulen.ser, thus increasing the vacuum and 
cooling the material in the pan. The boiling ma.ss hccornes supersatu¬ 
rated with sugar and minute crystals immediately form. A small charge 
of syrup Is now admitted to the pan and the concentnition of the material 
is so regulated that no more cr>'stal.s form. 

It requires considerable skill in graining to fonn the requisite number 
of crystals. If an insufficient number is formed, the cr>’stals will grow 
large and later in the operation there will not be enough crj'stal surface, 
and new grain, “false grain,” will form, and the mother liquor will be rich 
in sugar. False grain impedes the subsequent process of purging the sugar 
and reduces the yield. Too many crj'stals result in sugar of too small- 
Bized grain. 

After the formation of the crystals the pan-man continues the boiling, 
injecting syrup by charges or continuously if he so elect, to compensate 
for the water evaporated and obtain a saturated solution, but always 
avoiding temperature and other conditions favorable to further formation 
of crystals. The charges must be large enough to enable the crj'stals 
to circulate freely but not too large in proportion to the crj'stal surface. 
Tliis forces the sugar to deposit upon the crystals already present, which 
soon grow to the desired size. The material is now concentrated to a solid 
content of about 92 per cent more or Ic.ss, and is termed “niassecuite.” 
The steam is shut off, air is admitted to the pan, and the “strike” is 
discharged through the foot-valve into suitable receptacles. In making 
hard-grained sugars a high temperature is maintained until near the end 
of the operation, and on the contrary, a very high vacuum and low tem¬ 
peratures, produce sugars of low polarization, composed of soft crystals. 

In making small-grained sugar, the crystals arc formed when the pan 



1188 


INDUSTRIAL CHEMISTRY 


is about half filled with concentrated syrup. “I>ow graining” produces 
a coar.se sugar. If verj' large crj'stals are desired, a part of the strike is 
removed from the pan or is “cut-over” through pipes into an adjoining 
pan, and the boiling is resumed. If the cut-over pipe is used both pans 
may be filled with large-grained sugar or one strike may continue with 
sj'rup and the other be completed w'ith molasses to form a lower grade 
massecuitc. 

The mother liquor or molasses obtained from a first crystallization is 
substituted for syrup in completing a strike of lower purity, or in finishing 
a strike boiled on a footing of massecuitc from a previous operation. 
This protluces a mixed massecuitc—synip and molasses—which yields 
commercial sugar and further exhausts the molasses. This operation is 
again repeated, starting with a small footing of first massecuitc and 
finishing witli molasses from mixed massecuitc. This produces a low 
purity ina.ssecuite which is discharged into cr>'stallizers. After upwards 
of three days in the ciy’stallizer, with motion—i.c., stirring, this massccuite 
is purged and jdelds a low testing sugar, which is returned to process or 
sold as such. The coefficients of purity—i.e., the apparent percentages 
of sugar in the solid matter of the massecuites, are usually, respectively. 
85, 73, and 60, or even less. 

A crj'stallizer is a large tank, fitted with powerful mixing arms, and is 
made in three types, viz., closed crystallizers, open crystallizers, and vac¬ 
uum crystallizers. The closed crystallizer is a horizontal cylindrical 
mixing vessel provided with manhole, and charging and discharging con¬ 
nections. The open crj'stallizer is similar to the closed and differs in 
having the upper side open, exposing a large area of massecuitc to the air. 
The vacuum crystallizer differs from the closed in having vacuum connec¬ 
tions and its lower half steam-jacketed. It is in fact a slow-boiling vacuum 
pan with forced circulation of the massecuitc. The closed and open type 
are sometimes provided with a water jacket for controlling the tempera¬ 
ture, but this is not usual in the cane-sugar industry. 

There are many methods of using crystallizers, but a usual one in cane- 
sugar factories is to boil a strike of mixed massecuitc, injecting molasses as 
described, and running it into the crystallizer. Here the massecuitc is 
constantly stirred during three or four days or until it cools down to the 
desired temperature. The crystals are kept in constant motion to bring 
them into contact with the sugar in solution; thus the sugar deposits 
upon these crystals instead of forming new ones. 

Many factories still simply concentrate the molasses that is rich enough 
to crystallize, to “string proof,” or “blank,” and run it into tanks to crys¬ 
tallize at rest. The proof is determined as described in the second method 
of graining, by separating the thumb and finger moistened with the 
molasses, thus forming a thread, or more often, the concentrated molasses 
is poured from the proof-stick and the appearance of the “string” formed 
is noted. The crystals formed at rest are small, soft and of low polari- 
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scopic test, whereas those obtained by cr>*staIlization in motion are Iar^;o, 
finn, and of high test. 

Purging and Curing the Sugar. The niassocuito, after the completion 
of the crj'stallization, is conveyed to mixers from which it is drawn off 

into centrifugal inacliines for the separation of the molasses from the 
crj’stals. 

The centrifugal con.sists of a shallow dmm or basket, having perforated 
walls and lined with finely perforatetl brass sheets or brass wire cloth. 
A customary size for large machines Ls 40 ins. diameter by 24 ins. depth. 
By suitabh? transmis.sion a machine of this size is rotated about 1000 
revolutions per minute. A charge of massecuite is run into the centrif¬ 
ugal, usually while the latter is slowly revolving an<l the speed is then 
increased until tlie molasses is thrown off by the centrifugal force and the 
sugar is retained by the perforated lining. 

In making raw sugar for refining, .after the above treatment, the crys¬ 
tals are ready for packing an<I shipment. In the event, however, of the 
crystals not testing sufficiently near the market basis, 95 per cent or 96 
per cent by the polariscope, according to market conditions (after all, but 
the closely adhering molasses ha.s been thrown off by the centrifugal), a 
little water Ls sprayed upon the wall of sugar, which quickly removes a part 
of the low-test molasses from it. Sugars polarizing approximately 96® 
are termed “centrifugals” and are the basis of market quotations for 
raw sugar. 

Raw sugars must usually be refined l>eforc entering into consumption. 
This may entail long storage periods, during which the sugar will deterio¬ 
rate, if it has not been properly cured. The deterioration is usually 
attributed to the activity of bacteria in the film of molasses covering the 
crystals. The Colonial Sugar Refining Company, Australia, found little 
or nor deterioration in storage when the sugar is very dry, that is, when 
the molasses film is very dense. Their formula, which follows, is generally 
and successfully used in determining whether a sugar will bear long storage: 
H'/(100 — P) = 0.33, in which W and P are, respectively, the per cent 
water and polarization of the sugar. Cuban experience indicates that a 
ratio of 0.32 is a safer number than 0.33 for West Indian sugars. This is 
termed the “safety factor” of the sugar. 

Raw sugars may be dried by steam heat, but then tend to form hard 
masses in the packages, and are not very acceptable to the refiners. 

In making white sugar in the factory, the juice having been purified 
as has been described, the crystals arc thoroughly washed in the centrif¬ 
ugal with water. Formerly a little ultramarine was added to the water 
“to kill” the yellow tinge of the crystals. A granulator is usually used 
in drying white sugar. {See Beet Sugar.) Superheated steam is often 
used in a covered centrifugal to dry white sugar. In the latter method 
the crystals retain their glossy surfaces since they do not rub against one 
another as in a granulator. 
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Tho sugars cr>'Stallized at “rest” from molasses massecuite consist of 
small, soft crj’stals, which are soki on a market basis of 89° test or are 
rcmeltecl and reboiled to produce higher grades, or are simply mixed with 
higli-test sugar and sold as such. Crj-^stallizer sugars are often mingled 
with high purity sjTUp to form a magma, which is mixed and purged with 
the first massecuite, thus enabling the factory to produce but one grade 
of high-test sugar. It is, perhaps, preferable to mingle the crj'stallizcr 
sugar with syrup or juice to form a magma, termed “seed,” and use this 
as a nucleus or footing upon which to boil a first or second massecuite. 
Sufficient .sjTup or juice should be used to soften the film of molasses that 
covers the surfaces of the crj’-stals and so promote the distribution of this 
molasses in the massecuite. This method cannot be used in making white 
sugar, in which process the crj'stallizer sugar must be remelted and clarified. 

The viscous liquid residue after the removal of the crystals, the crys¬ 
tallization having been carried as far as is commercially profitable, is 
termed “final molasses,” or in the markets simply “molasses.” With 
excellent manufacture in Cuba this residue contains about 86 to 88 per 
cent apparent solids (degree Brix)j and 52 per cent of total sugars. This 
latter consists of about 35 per cent sucrose, by Clerget’s method, and the 
remainder is dextrose and levulose in variable proportions. The molasses 
contains up to about 9 per cent of ash and has an apparent coefficient of 
purity of about 30°, i.e., 30 per cent of the solids as indicated by the Brix 
hydrometer is sucrose by direct polarization. The true coefficient, i.e., 
that based upon true solids and the sucrose by the Clerget method, is 
usually above 40° in molasses, made by the defecation process. Molasses 
by the carbonation process has nearly the same true and apparent coef¬ 
ficients, both very low numbers. 

Much lower coefficients of purity may be readily obtained in Louisiana 
than in the tropics, owing to the nature of the impurities in the juice. Few 
tropical factories turn out molasses of lower purity than 30°, or even so low. 
The average yield of molasses per ton of cane approximates 4 to 6 gallons. 

A few Louisiana factories do not attempt to extract more sugar than 
they can obtain in one crystallization, preferring rather to make a rich 
molasses of good color that is suitable for the baking industry and the table, 
the high price of this product more than offsetting the reduced yield of 
sugar. 

The yield of commercial sugar varies with the quality of the cane, the 
factory equipment and management, and the grade of sugar produced. 
The Cuban yield averages a little over 11.0 per cent of the weight of the 
cane of sugar equivalent to 96° “Centrifugals.” A few factories extract 
as high as 12 to 13.5 per cent. The Louisiana yield will probably average 
7.5 per cent of sugar. 

The following figures show the average composition of the centrifugal 
sugars from two very large Cuban factories which produce but one grade 
of product: 
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These factories are widely separated and the canes arc grown under 
quite different soil and climatic conditions. Both factories mingle the 
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crystallizer or third sugar with pure syrup and use this as “seed,” thus 
producing only 96* sugar. The differences in ash and glucose are quite 
noticeable. 


Beet Sugar ^ 

Raw Material and its Preparation. The sugar beet is grown from seed. 
The rows arc seeded thickly and the young plants are thinned to leave 
vigorous ones about 6 ins. apart in the row. The desirable beet is small, 
the topped root weighing about a pound, and is tapering, somewhat top- 
shaped, regular in form and has few rootlets. Large beets are not usually 
as rich as the small ones described. 

In addition to the carbohydrates sucrose, raffinose and occasionally 
slight traces of invert sugar, the following organic substances have been 
found in sugar beets; O.xalic, fonnic, citric, malonic, succinic, aconitic, 
tricarbollicylic, oxycitric, malic and tartaric acids, chlorophyll, betaine, 
asparagine, glutamine, leucine, legumine, tyrosine and the xanthine bodies, 
xanthine, guanine, hypoxanthine, adenine and camine. The following 
decomposition products were identified by von Lippmann: Arginine, 
guanidine, allantonine, vernine, vicine, and in the young plant alloxan- 
thine. The decomposition of these bodies is the source of the ammonia 
set free in the manufacture and drawn off from the calandrias of the 
multiple effect. The following non-nitrogenous bodies are also present in 
the beet: Lecithine, pectose, pectase and coniferine. The mineral con¬ 
stituents include the following substances: salts of potassium, sodium, 
rubidium, vanadium, calcium, magnesium, iron, and manganese and the fol¬ 
lowing acids in combination with the inorganic constituents: hydrochloric, 
sulphuric, nitric, phosphoric and silicic acids. Our knowledge of the com¬ 
position of the beet is largely due to Scheibler, Schultze and Boshard and 
von Lippmann. These data are largely from an article by von Lippmann * 
also from Sidersky’s TraiU d'Analyse de Mati&res >Sucr&s and Horsin, 
Deon’s TraiU de la Fabrication du Sucre. 

In preparing the beets for the factory, they are topped at the lowest 
loaf scar and are then hauled to the factory where they are stored in sheds 
or in the open upon platforms, according to climatic conditions. When 
necessary to pile the beets in the held for any length of time, they are pro¬ 
tected by a light covering of leaves and earth. Climatic conditions deter¬ 
mine the methods of storage. In very cold even climates in the United 
States very large piles of beets have been successfully stored on open plat- 

»Many of the expressions used in the American beet sugar factories are derived 
from the German, whereas the corresponding expressions of the cane industry are from 
the French. The following expressions are examples, that from the German being 
pyen first: Thin juice = juice, i.e., juice that has not been concentrated; thick 
juice = syrup; fill mass = massecuite; wash syrup = wash or washings; green syrup =» 
high-purity molassesj designated by numbers* 

* Bui de VA990Q. ChimisUa de France^ 14, 691, 819. 
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forms. The frost affects only tlie miter la>’ers. aiul as the thawing is grad¬ 
ual the heets are hut little daniaged. 

The l>e(*ts are fiush(‘d to the- factoiA' in rtuiiK's, waste water being used 
largely for this iiiiriiose. They ar(‘ elevatial to the washing inaeliines by 
an a[)paratiis which also remo\'es many of the adhering stones and are 
thoroughly cleansed. From the washing maehiiu's the\' an- elevate<l to 
automatic scales, above the slicers, for weigliing 

Extraction of the Juice. 'I'lie juice is extracted by the difTusion proc¬ 
ess. “The washed and weighed roots an* <‘oii\eyed to the slicing machiiu's, 
which cut them into more or less \'-shai>ed slices or co.ssettes. The slices 



Fig. 402. 


arc packed loosely in the cells of the diffusion battery, which extracts tlie 
juice by a soinewliat imperfect process of dialysis, the cell walls of the beet 
itself supplying the membrane. 

The diffusion battery consists of a number of cylindrical iron vessels, 
usually tw(rlve, w'ith suitable pipe connections, heating d<*vices and top 
and bottom doors. The piries are so arranged that the liquid may bo con¬ 
ducted from one vessel to the next, entering at the top or bottom, at the 
will of the operator, and permitting any ves.sel to l>e disconnected from the 
series for charging with slices and discharging the spent pulp. A genera! 
view of the upper part of a circular diffusion battery is shown in l*ig. 402. 

In operating the battery, a vessel or diffuser is filled with beet slices, 
then wann water is turned into it at the bottom connection, driving out 
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the air through a coek in the cover; by the time this diffuser is filled with 
water, the next one has been charged with beet slices; the direction of the 
current of liquid in the first is reversed, tlie water now entering at the top, 
and the thin juice, as it now is, passes into the second diffuser at the bot¬ 
tom, expelling the air as from the previous vessel. The thin juice is heated 
in transit and passes into successive diffusers as they arc filled with slices. 
\l’hen about ten or eleven vessels have been filled, according to the number 
in the batterjq a measured volume of juice is drawn from the last one filled, 
the water pressure applied at the first diffuser of the series, forcing the 
juice to circulate. Air pressure is used in many factories, when drawing a 
charge of juice, to promote economy of water and sugar. The use of water 
is sometimes preferable, as with it the exhausted pulp may be flushed 
through canals to the elevators. The spent pulp is elevated to continu¬ 
ous presses in which a large part of its water is expressed. The juice, 
drawn as described, is strained through depulpers and conducted to tanks 
for the next stage of the manufacture. 

The slices in the first diffuser of the series are now practically exhausted, 
but 0.15 per cent sucrose, more or less, remaining in them. This vessel is 
disconnected from the series and the e.xhausted pulp or cossettes discharged 
from it. 

From now on each time a vessel is charged with beet slices and juice, a 
measured volume of juice is drawn from it and the spent pulp is removed 
from the first diffuser of the series, each diffuser in regular order containing 
the exhausted pulp. The rate of filling the diffusers depends upon their 
shape, size, the number in the battory and the capacity of the factory. 
The rate of filling varies from 6 to 14 diffusers of slices per hour. 

The control of the battery temperatures is of the highest importance. 
The slices must not be overheated or they will mat and impede the cir¬ 
culation of the juice, and, besides, excessive heat favors the extraction of 
other bodies than sugar; deficient heat results in an imperfect extraction 
of the sugar. The temperature conditions vtiTy in different factories and 
also witli the quality of the bect-s. With perfectly sound beets a maximum 
temperature from 80-84“ C. usually gives good results, but the heat must 
never be sufficient to soften the slices, and must be lower with unsound 
beets. 

The volume of juice to be drawn from each diffuser must be carefully 
controlled. If too little is drawn the extraction of sugar is imperfect and 
too much unnecessarily dilutes the juice and causes waste of fuel. The 
usual “draw” is from 100 to 110 liters of juice per 100 kilos of beets, the 
quantity varying with the quality of the beets and the cost of fuel. 

As may be seen from the above description, the diffusion process 
depends upon osmosis, the cell walls of the beet taking the place of the 
parchment paper in the ordinary process of dialysis. It is therefore very 
necessary that the knives of the slicers be very sharp, in order that as few 
cells as possible may be ruptured. 
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The exhausted pulp is used for stock food. In recent years many 
factories desiccate the pulp to facilitate sliipincnt to distant markets and 
to permit of its use as an absorbent of lifpiid foods, s\ich as molasses. 

The yield of desiccated pulp is approximately 5 to 6 per cent of the 
weight of the beets worked. 

Purification of the Juice. The beet juice always contains very fine 
pulp that passes the strainers of the diffusion batter>-. This pulp is 
largely removed by sjx’cial stniiners calkai “ depuli^ers, and a part 
of it is carried down with the carl)onate of lime in tlie purification of 
the juice. 

The simple defecation process as applied to cane juice does not give 
satisfactory results with the In-et. In the only process used, tlie juice is 
first defecated with lime and then the latter is precii)itated with carbonic 
acid, hence the name “carbonation proce.ss” is applied to the method of 
treatment. 

The juice is run into large tanks, where it is limed; milk of lime or 
quicklime eciuivulent to about 2 to 2.5 per cent or even more on the weight 
of the beets of calcium oxide is added. Factories eejuipped with the 
Steffen saccharate process for the extraction of the sugar from the rm)la.sses, 
described farther on, use the tribasic saccharate of calcium in part, in 
liming. 

The temperature of the juice during carbonation should l>c froni 70 
to 80° C. and may reach 85° with sound beets. Fonnerly much lower 

temperatures were advused than are now employed. 

The liming is followed by the double or even triple carbonation process. 
Both the liming and carbonation arc usually spoken of as the carbonation 
process.” 

Carbonic acid is. forced into the limed juice through distributing pipes. 
The lime is precipitated as a carbonate and sjilts of the acids of the juice. 
The carbonate carries down mechanically many of the impurities that 
have separated and also much of the coloring matter. The injection of 
carbonic acid Is continued until the juice retains an alkalinity equivalent 
to about 1 to 1.5 gins, of calcium oxide per liter, using phcnolphthalein 
as an indicator. Should this carbonation be carried too far, many of the 
impurities would again pass into solution. The juice foams considerably 
during this operation, and steam jets, oil or grease are often used to beat it 
down Very deep tanks arc used in modem installations to obviate the 
use of steam, grease, etc. The use of steam is objectionable on account 

of its decomposing action on the sucrose in the foam. 

The workman judges the end point of the first carbonation by the 
appearance of the precipitate in a te.st sample of the juice in a spoon. He 
is also guided by the sound of the bubbles of gas entering the juice. More 
accurate tests arc made by titration with a standard acid. 

At the conclusion of this carbonation the juice is heated to near its 
boiling-point and is then filter-pressed. The filtrate flows mto the second 
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carbonation tanks. The juice usually still contains sufficient lime, but in 
some factories a small quantity, about 0.25 per cent, is added. It is again 
carbonated, this time at a temperature near 100® C. This is termed the 
“saturation.” The injection of carbonic acid is continued until only 
slight alkalinity as of lime remains. In determining the end point, the 
alkalinity duo to other alkalis than lime must be taken into account. The 
usual alkalinity of the saturated juice as lime is 0.006 per cent or slightly 
higher. 

In a few factories, the second is followed by a third carbonation. In 
this event a higher alkalinity than stated must be left in the second car¬ 
bonation. The second or third carbonation is very often followed by 
saturation with the sulphurous acid gas, derived from burning sulphur. 
Sulphur is always used in making white sugar. In this case, as before, all 
but a slight trace of the alkalinity is saturated. 

Should too much lime be left in the juice from the last carbonation, 
the evaporation will be sluggish in the vacuum pan, and the “strike” may 
oven not progress at all. To avoid this difficulty, either the last carbona¬ 
tion of the juice must be pushed farther or the thick juice (syrup) must 
be carbonated or treated with sulphurous acid. If the syrup is treated 
with carbonic or sulphurous acid, it must be filtered. These acids are 
sometimes used simultaneously in the treatment of juice. 

Filtration through presses or mechanical filters follows each carbona¬ 
tion and the sulphitation. The filtrate flows to storage tanks preparatory 
to its concentration. Additional filtrations are made in making white 
sugar. 

The chemical reactions involved in the purification of the juice are 
complicated and not fully known. 

The lime neutralizes the organic and Inorganic acids and some of these 
are precipitated, notably oxalic and phosphoric acids; albuminoid matters 
are partly coagulated and precipitated. Many organic non-sugars, such 
as albumins, amides, amines and invert sugar are decomposed; ammonia 
from the nitrogenous matter and the alkalis sodium and potassium are 
set free. The carbonate of calcium mechanically carries down the floccu- 
lent particles and much of the coloring matter. A little saccharate of 
lime is often formed, which passes into the filter presscake. 

The lime forms soluble salts, many of which pemist throughout the 
manufacture. A part of these lime salts separates during the concentra¬ 
tion of the juice to syrup, forming scale on the heating surfaces of the 
evaporators. These incrustations consist largely of calcium carbonate, 
oxalate and a very little sulphate. Iron oxide, alumina and sUica from the 
limestone are also deposited. Considerable organic matter also separates, 
including undecomposed fat and oil used in beating down foam. Lime 
soaps form a part of the incrustations. Haw beet sugar usually has a 
soapy taste and odor. On opening a jar of white beet sugar, a soapy odor 
may sometimes be noticed. 
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Evaporation, Crystallization, Purging and Curing the Sugar. These 
processes and the apparatus used are practically the same as those 
employed in the eane sugar indust n,' already described. 

The American factories usually produce granulated sugar. The granu¬ 
lator is simply a dryer so arrange<l that the cr>’.stals of sugar are separated 
from one another during the progress of the drj-ing. 

The granulator is a long sheet-iron cylinder, placed in a nearly horizon¬ 
tal position and arranged so that it can bo revolved. Narrow deflecting 
plates or shelves are attached to the inside walls of the cylinder and extend 
thro\ighout its length. The apparatus is inclined slightly toward the dis¬ 
charge end, at which are attached wire screens for sifting the svigar; there 
is also, at this end, a small room, one wall of which is formed of steam coils. 
A steam drum extends from eml to end of the dr^'er at it-s axis. At the 
inlet end of the apparatus there is a suction fan to draw air tlirough it and 
a hopper for feeding in the moist sugar. There arc several types of dr>’ors, 
but all depend upon the same principles. 

As the sugar leaves the centrifugal machine it is elev.ated to a mixing 
floor. It is hero thoroughly mixed, since all the pans of sugar and all the 
centrifugal charges arc not of uniform color. 

The sugar Is next fed into the granulator or dr>'er, through which a 
current of hot air is drawn by the suction fan. The crj'stals are carried 
upward by the revolving cylinder and in falling from the shelves, through 
the heated air, arc separated and dried. By reason of the inclination of 
the drj'er the sugar travels to the discharge end, where it is classified by 

the sieves and delivered to the packing spouts. 

The yield of sugar from beets, calculated to a raw sugar basis, has 
reached as high an average as 17 per cent of the weight of the roots in 
Germany and Austria. The yield is somewhat smaller in the other Euro¬ 
pean countries. 

The foUowing is an analysis of a raw beet sugar: Polarization, 94.74; 
ash, 1.12 per cent; moisture, 1.80 per cent; glucose, none; organic non¬ 
sugar, 2.34 per cent. The high ash content as compared with canc sugar 

should be noted. 

Extraction of the Sugar from the Molasses. In the treatment of the 
beet juice by the methods described, it parts with many of its impurities, 
yet many remain to impede the crysbiUization and cause the formation of 
the viscous after-product, molasses. The mola.sses from the beet has an 
apparent coefficient of purity of about 60", i.e., 60 per cent of its apparent 
solids (degree Brix) is sucrose. As may be noted in the cane-sugar part 
of this chapter, molasses purities below 30" arc readily obtained with cane. 
This difference is due to the nature of the impurities that retard crystalliza¬ 
tion. Beet molasses contains about 50 per cent of sucrose and but a trace 
or no dextrose and Icvulose and about 11 per cent mineral matter, a larp 
part of which consists of melassigenic salts. Cuba-^ne rnolasses, on the 
contrary, contains much dextrose and levulose, about 35 per cent of 
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sucrose, by Clerget polarization, and upwards of 9.0 per cent mineral 
matter. Cane molasses obtained by modern methods of manufacture is 
not usually suitable for table use and does not contain sufficient sugar to 
justify the installation and operation of plants for the removal of the sugar. 
Beet molasses is of very disagreeable taste, is rich in sucrose, and the 
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Fia, 403. Beet-sugar Manufacture. Process Diagram. 


absence of dextrose and leviilose makes the extraction of the sugar by 
precipitation quite simple. 

Three molasses processes are now in practical use, viz., osmosis and 
the strontium and calcium saccharate processes. 

The Osmose Process is now little used in the Kurop>ean factories, and 
has found a limited application in this country. As the name implies, this 
is a dialytic process. 
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The molasses is diluted with water to a density vaiAung with iUs 
value and the cost of manufacture, and is usually such that the osmosed 
molasses shall flow from the dialyzor or osmogenc at a density of about 
35° Brix. 

The osmogene has somewhat the appearance of a filter press, and con¬ 
sists of wooden frames separated from one another by parchment paper, 
thus forming shallow chambers. These cliarnbers have suitable outlets 
and inlets for water and molasses so arranged that those liquids shall bo 
scpanited from one another by the parchment. In operating the osmogene, 
the molasses solutit)n is heated to about 90° ('. and the water to 100° C. 
and these both are circulated through the apparatus. The operation is con¬ 
trolled by the density of the outflowing molasses and that of the wat<T 
charged with sidts and some sugar. The density of the exosmose-water 
should be about 3 to 5° Brix, this number varying, however, with com¬ 
mercial conditions. 

A pari, of the cry’stalloids pass throjigh the parchment into the water, 
including some sugar. Since much of the mineral matter is cry’stallizable, 
this largely passo.s through the parchment, and the saline coefficient of the 
molasses is very much improved, also its coefficient of purity, d'he rise 
in purity permits an additional quantity of sugar to be recovered by cry's- 
tallization. There is always a molasses residue with this process. Osmosis 
is sometimes used in conjunction with a saccharatc process. The waters 
arc usually run to waste, or may be concentrated and a part of tlie potash 
salts recovered by crystallization. 

Scheibler's Strontium Process. This process is used in Europe and 
not at all in this country. The lack of application here is probably due 
to difficulty in obtaining strontianite and to conditions fav'orablc to the 
lime and osmosis processes. 

In Scheibler’s strontium process the actual precipitation and removal 
of the sugar are readily accomplished, but the necessity of recovering the 
expensive precipitant makes the process as a whole somewhat complicated. 

A solution of strontium hydrate is heated to 65°-70° C. and then suffi¬ 
cient molasses of this temperature to form dibasic strontium sjiccharatc 
with the strontium present is added with vigorous stirring. The heating 
is continued to 100° C., with stirring. The dibasic saccharate of strontium 
is precipitated. The precipitate is collected in filters and washed with a 
Btrontia solution. The s/iccharatc is transferred to small ciy'stallizers, 
where it is cooled to 5°-6° C. and this temperature is maintained until the 
strontium hydrate crystallizes, leaving the sugar in a solution containing 
some strontia. The crystals are removed by filtration, washed with a 
cold solution of the hydrate, and then serve in treating another lot of 
molasses. The combined sugar solution and the washings of the ciy^stals 
are carbonated for the precipitation of the strontium. After filtration 
the sugar solution is mixed with beet juice in the factory or is concentrated 
alpnQ for the crystallization of its sugar. 
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The mother liquor on standing deposits a large part of its strontia. 
The residue of this, after decantation, is carbonated. The carbonate 
precipitated in this and the preceding operations, together with the strontia 
from the mother liquor, arc formed into briquettes, and calcined with suffi¬ 
cient strontianite to compensate for the losses. After calcination the 
oxide is treated with water and the resulting very pure strontium hydrate 
solution is decanted from the sediment and the salt is recovered by crys¬ 
tallization. 

The following chemical reaction is involved in this process: 

C|2H220ii -|- 2Sr(OH)2 = Ci2H220ii-2SrO -h 2 H 2 O. 

The monobasic saccharate, C 12 H 22 O 11 -SrO, was also used by Scheibler 
in one of his processes. There have been many modifications of his 
strontium processes, but in general these relate to the machinery and the 
methods of recovering the strontia. 

Steffen’s Lime Process. This method known as the “separation proc¬ 
ess,” in which the sugar is precipitated as a tribasic lime saccharate, is 
the only one involving precipitation in use in this country. Steffen devised 
other lime processes, but this is the only one in extensive use. 

Steffen’s separation process depends upon the precipitation of a granu¬ 
lar or crystalline saccharate. He discovered that such a precipitate is 
formed in the cold. The application of this process therefore involves the 
use of refrigerating apparatus except where conducted in winter in cold 
climates. 

The precipitant is freshly burned quicklime ground to pass a 200-mesh 
sieve. The molasses is diluted to about 12° Brix or 6 to 7 per cent sucrose 
content in a round mixer, fitted with cooling pipes, mixing arms, ther¬ 
mometer, test cocks, and a measuring device for the lime. The solution 
is cooled to below 10° C. and then small measured quantities of lime are 
added to it at intervals or are dusted-in, with very vigorous stirring, the 
temperature being kept under control and below 10° C. The tempera¬ 
ture must be lowered after each addition of lime or with continuous addi¬ 
tion of lime, if it rises excessively, the rate of adding lime must be reduced. 
After sufficient lime has been added to precipitate the sugar, with an excess 
to provide for that hydrated, as is noted by the density of the mother 
liquor obtained by filtering a test sample, the contents of the mixer are 
pumped into filter presses, where the precipitate is collected £ind washed 
with cold water. The wash water, which carries a little saccharate, is used 
in diluting subsequent portions of molasses. The filtrate or mother liquor 
is treated as described below. 

The precipitate has approximately the composition of a tribasic sac¬ 
charate of calcium, C 12 H 22 O 11 ’SCaO. An average of 93.4 lbs. of properly 
prepared lime powder is required per 100 lbs. sucrose in the molasses. The 
quantity of lime used depends upon its quality, fineness of the powder, 



SUGAR 


1201 


and the temperature maintained in the molasses solution. A too high 
temperature, coarse powder or too rapid addition of the lime, causes 
the latter to hydrate in part. Some hydration of the lime cannot be 
avoided. 

The niothor liquor from which the tribasic saccharate has l)ecn removed 
contains soluble saccharates (mono- and dibasis) which decompo.se on 
heating with precipitation of tribasic saccharate. This solution is heated 
and the resulting sjiccharate is collected and wasfied in filter presses. The 
filtrato containing some sucrose and nearly all of the impurities of the 
molasses is run to w’aste. The saccharate obtained in the first precipita¬ 
tion (“cold cake”) and that from the mother liquor (“hot cake”) are 
mixed and disintegrated with water and reduced to a cream. This crt‘am 
is u.sed in liming juice for the carbonatiou. Prior to such use, it must be 
heated to near the boiling-point, otherwise the carbonate precipitates 
upon an<i occhnlos particles of the sacchanite. Such particles w'ould 
appear in the presscakc and sucrose wouki be lost. 

If the factory treats only its own molass;(>s product, additional lime is 
neccssiirj' for the juice. When the quantity of saccharate is in excess of 
that required to supply the lime for the carbonation, the surplus is addo<i to 
a large proportion of hot beet juice anil is filter-pressed, or it may be broken 
up in hot water. Two-thirds of the lime is removed by thLs treatment, and 
the filtrate may be used in part in diluting molasses or it may be carbon¬ 
ated, filtered and the filtrate concentrated for the crj'stallization of the 
sugar. 

Sugars obtained by a saccharate process usually contain notable pro¬ 
portions of raffinose, and the peculiar shape of the crj'stals often observed 
is attributed to this sugar. It was at first thought that the raffinose was 
due to decompositions, but it is now known that it is derived directly 
from the beet itself. 

Residual Molasses from the Cane and Beet. Except where a sac¬ 
charate process is used there Is always a residual molasses from the beet. 
Cane-sugar factories always produce a final molasses, the average quantity 
of which is about 4 to 6 gals, per ton of cane in tropical factories making 
raw sugar. Cane molasses is utilized in rum and alcohol manufacture 
and in stock feeding. Beet molasses is also used in feeding and in making 
alcohol. The residue from the distilleries of Europe is concentrated and 
the organic matter is burned, leaving an ash very rich in potash. Sul¬ 
phuric acid is added to the mass before burning to reduce the loss of the 
nitrogen. The ash is used as a fertilizer. 

Cane molasses of good color from the manufacture of white and high- 
grade yellow sugars is used in the baking industry and as a table 
syrup. 

There are many small industries in which molasses is utilized. In 
recent years both types of molasses have been used extensively in yeast 
manufacture. 
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Sugar Refining ^ 

Raw Material. Most cane-sugar factories make raw sugar testing 
from 95® to 98® by the polariscope and known commercially as 96® 
“centrifugal sugar.” The Cuban product usually polarizes approx¬ 
imately 96° and that of Java and the Hawaiian Islands up to 98®. Many 
factories make a lower grade of sugar, a soft sugar crystallized at rest in 
tanks and testing about 87® and often lower. The market basis for these 
sugars is 96® and 89° respectively. There is an addition to the price for 
tests above and a deduction for those below these numbers. The incre¬ 
ment of price per degree above these numbers is smaller than the deduction 
for those below. Similarly the price paid for the sucrose in an 89° sugar 
is less than that for the sucrose in a 96® sugar. These market conditions 
discourage the production of sugars much below 96°. Of the sugars 
imported into New York probably over 80 per cent test above 95°. 

A few very small cane-sugar factories do not use vacuum apparatus, 
but concentrate the juice in open pans until it is saturated with sugar 
and then nm it into coolers to crystallize. This produces a grade of raw 
sugar termed “muscovado.” This name is also applied to certain other 
grades in Java. 

The refining grades of beet-sugar are similar in appearance to the cor¬ 
responding cane sugars, but have a disagreeable soapy odor and taste. 
Those sugars are high in ash. The buj'ers make an arbitrary deduction 
from the direct polarization of beet-sugar to ascertain the “analysis” or 
“titrage” upon which the price is based. The “analysis” is assumed to 
be the refining value of the sugar. It is usually determined by deducting 
five times the percentage of ash from the polarization. 

A small proportion of very low-grade sugar, made from a palm .and 
from cane in a crude way, reaches the refineries. Much of this is concrete 
or juice evaporated to such consistency that it solidifies on cooling. 

The average test of the sugars entering an American refinery of the 
Atlantic Coast is usually between 93° and 95°, the test varying with the 
refinery and the market conditions. 

The invention of the mingling process, described in the next paragraph, 
has greatly facUitated the simultaneous refining of various grades of raw 
sugars, notably both beet- and cane-sugars. This is accomplished by 
separating the melt into a high purity liquor and a syrup which carries 
the larger part of the impurities. 

Mingling, Washing, and Defecating. The raw sugar is carried by 
elevators to mingling machines which mix it with syrup and form a magma. 
This permits spinning the sugar in a centrifugal precisely as though it 
were a massccuite and thoroughly washing the crystals. This station is 
termed the “wash plant.” The washed sugar is melted with water to 

* The writer (G. L. Spencer) wae asaieted by Mr. George P. Meade, Superintendent 
of the Cardenas Refinery, Cuba, in the preparation of this section. 
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form a liquor of about 60* Brix, and a ooofRciont of purity of about 98.5® 
to 99®. The waslurifjs or syrup ar(‘ used in part in mingling raw sugar for 
subsequent magmas and the remainder is pumped to the defecators or 
“blow-ups.” Tlie blow-ups are pro\ided with perforated pipes through 
which steam is blown into the liquors. 
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Sufficient milk of lime is added in the blow-up to render the solutions 
strongly alkaline and then the alkalinity is neutralized with monocalcic 
phosphate solution of phosphoric acid. The reagents are used in sufficient 
quantity to produce a large precipitate that separates sharply from the 
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solution. The filtration is a guide to the quantity of lime to be used. After 
the addition of the reagents, the liquor is heated in the blow-up to a tem¬ 
perature of approximately 82® C. This is the preparation for the Taylor, 
or bag, filters and for Williamson’s method of clarifying. The use of leaf 
filters requires neutralization of the liquor with lime and the addition of 
approximately 10 lbs. of kieselguhr per ton of sugar in the blow-up. The 
washings do not respond so readily to this treatment and require a larger 
amount of kieselguhr and more filtering area than the washed sugar liquor. 

The refineries often prepare the nionocalcic phosphate used in the 
defecation by treating bone-black dust with hydrochloric acid or the phos¬ 
phoric acid from dust and sulphuric acid. 

Bag Filtration. The warm liquor, obtained as is described above, is 
nin into bag or Taylor filters. The bag filters consist of a large number of 
hea\'y twilled cotton cloth bags about sLx feet long. These bags are 
attached to nozzles or “bottles” and suspended in a cast-iron chamber. 
A cotton sleeve of smaller diameter is placed over each bag. This causes 
the bag to so arrange itself as to give the effect of a fluted filter. 

The flocculent precipitate from the defecation consisting of tricalcic 
phosphate, organic lime salts, gums, etc., and carbon from the bone-black 
dust, are retained in the bags and a brilliant filtrate flows from them. 

The precipitate or “mud” is first washed with hot water while it is 
still in the bags to partly free it of sugar. After this preliminary washing 
the bags are taken from the chamber, the mud is removed and they are 
given a thorough and systematic washing in a series of tubs. The bags 
are passed through a wringer on their way from tub to tub. The mud 
and “mud-water” are filter-pressed and the filtrate is evaporated with 
other “sweet water” to a syrup in a multiple-effect evaporator. The 
“thin wash-water” from the bag filters and the washings from the raw 
sugar packages are evaporated with the press filtrate. Some refineries 
use a part of these sweet waters in melting washed sugar. It is considered 
better practice to follow the procedure described. About fifteen hours 
are required to fill the bags with mud and the drainage and washing require 
twelve hours additional. Bag filtration has many disadvantages and until 
recent years was the only cloth filtration method used for liquors in Ameri¬ 
can refineries. The station is hot and disagreeable, hence the labor expense 
in operating is high. The filters and wash-tubs occupy much valuable 
space. Because of the long cycle, some sucrose is inverted and the wash- 
waters are of low purity and deteriorate quickly. Constant care is neces¬ 
sary to avoid dirty liquor through broken bags. These conditions are 
leading to the gradual substitution of leaf filters for bags, though bags 
are largely retained for the more difficult filtration of washings. 

Leaf filters, such as those of Sweetland and Vallez, eliminate most of 
the difficulties cited. These filters are enclosed and operate under about 
40 lbs. pressure. The cycle is about ninety minutes with the Sweetland 
press, in which the frequent sluicing with hot water maintains a sterile 
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condition. The filtered liquors are bright from the start to the finish of 
the operation and the wash-waters arc of higli purity and are suitable for 
use in melting raw sugars. Lime and diatornaceous eartli are added to 
the liquor in preparing it for filtration and no phosphoric acid is used, and 
in fact would hinder the filtration. The lime is added to litmus neutrality 
and the diat-omaceou.s earth at the rate of 8 to 10 lbs. per ton of raw sugar. 
The mud, after partial washing in the press, is sluiced from the cloths anti 
is refiltered in otluT presses and the cake is washed, to recover the sugar 
it contains. The Vallez filter has rotating filtering leaves covered with 
rnetal filter cloth and uses pai>er pulp as a filtering medium. It is claimed 
that the pulp may be washed and reused, and with improvement in qualitj' 
with use. The liquor is prepared for filtration by neutralizing it with lime. 

Williamson’s method of preparing liquors for char filtration is one of 
defecation and skimming. The liquor is treated with phosphoric acid 
and lime as for bag filtration and is then heavily charged with air. It is 
led into a shallow continuous settling tank wfiich is provided with heating 
coils, mud baffles, liquor draw-ofl and a roller device for removing the 
scum. On heating the liquor, the air escapes and carries most of the 
impurities to the surface in a thick, tenacious scum, which is removed by 
the roller. The liquor flows in a thin sheet from under the blanket of 
scum. The mud and scum are diluted with water and then filter-pressed. 

Char Filtration. Animal charcoal, bone-black or “char” filters are 
cylindrical iron cisterns about 10 ft. in diameter and 20 ft. deep. These 
are filled with bone charcoal. The char is described farther on. 

Filtered washed-sugar liquor, heated to about 71® C., is passed over 
the char and is followed successively and systematically by granulated 
syrup—i.e., the run-off sjTup obtained in purging sugar to form the “granu¬ 
lated” grade, washings and other low-grade solutions. In making “soft 
white” sugars, the Liquors arc filtered in succession through three filters 
of char. The liquors flowing from the char are separated into grades 
according to their color and test. These grades arc considered in the 
vacuum-pan work. 

When the char no longer decolorizes the solutions properly, the sugar is 
washed from it with hot water anti is largelj' recovered. When the purity 
coefficient of the washings falls too low to admit of profitable treatment 
for the recovery of the sugar, the water is run to waste. The rich washings 
are concentrated with other sweet water. 

The wet char is discharged from the filters and is dried witli the heat 
of the kilns that would otherwise be wasted. The dried char is heated 
or “burned” at a dull red heat in tubular retorts in kilns with exclusion 
of air from the retort. This process is termed the “revivification.” The 
organic impurities of the sugars that have been absorbed during the filtra¬ 
tion are burned and the char is returned to filter service in practically as 
good condition as before use. The char may be used over and over again 
a great many times, a revivification following each use. The dust is 
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romov'cd by screening and must be compensated for by the addition of 
from 25 to 50 per cent of new bone-black annually. About 50 to 60 hours 
arc required for a con^plete cycle of filter operations. 

Tlie composition of an American bone-black is approximately as fol¬ 
lows: Tricalcic phosphate, 83 per cent; carbon, 10 per cent; calcium car¬ 
bonate, 4 per cent; calcium sulphate, 0.5 per cent; iron, calcium sulphide, 
nitrogen and silica in small quantities. The greater part of the char will 
pass through .a 16-mesh screen and be retained by one of 30 meshes. 

The filtration of sugar solutions through animal charcoal is primarily 
for the purpose of removing their color. The char has the further property 
of absorbing much of the non-sugar of the raw material and thus promotes 
the crj'stalUzation of the sugar. A good char will absorb 85 per cent of 
the coloring matter, 33 per cent of the inorganic matter and 50 per cent 
of the organic non-sucrose contained in the raw sugar solution filtered 
through it. 

It may be seen from these descriptions that the char filter station is 
one that requires skill and a thorough control in its conduct. Errors of 
judgment here may result in an inferior product and a loss of sugar. 

Activated vegetable carbons, to replace or partially replace animal 
charcoal, have been under investigation by refiners the past few years. 
Many of the carbons on the market have very much greater decolorizing 
power than bone-black. However, the facility with which animal charcoal 
can be handled, used and revivified, the small losses of the material, the 
definiteness and low cost in the operations with it, have led to its retention 
in large refineries. Activated carbon has a very marked influence in 
speeding up cloth filtration and when it can be produced at such cost that 
it may be discarded in the filter-press cake, it will undoubtedly be used 
in the defecation for this purpose and regardless of color removal. 

Crystallization and Curing the Sugar. Before considering this stage 
of the refining a few definitions are necessary: Refiners term a solution 
from which no sugar has been removed a “liquor,” and one from which 
sugar has been extracted a “syrup.” The “syrup” of the raw sugar fac¬ 
tory corresponds to the liquor of the refinery and the “molasses” of the 
factory to the syrup of the refinery. 

The crystallization of the sugar is accomplished in vacuum pans in 
general as described in the raw-sugar section of this chapter. The liquors 
have a very high initial purity as compared with the factory syrup and 
therefore require repeated crystallization sufficiently to impoverish the 
final or barrel syrup. The crystals are formed at a high temperature in 
boiling hard sugars such as granulated, usually above 77® C. This tem¬ 
perature is maintained long enough to produce sharp, clean crystals. In 
boiling soft sugars, on the contrary, a low pan temperature and very white 
liquors are essential. A comparatively dark-colored liquor will yield white 
sugar if the crystallization is conducted at a high temperature, since tiie 
crystal will be hard and absorb little coloring matter from the syrup. 
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The high-grade white liquor is boiled to make granulated sugar, the 
sjTups from this being reboiled with more liriuor to make tlie sjime grade 
of sugar as many times as the color will permit. When the color is too 
dark, the sjTup is refiltered through bone-black and, joine<l with char- 
filtered raw sugar washings, is reboiled to make “off-color granulated” 
sugar. The sj'rups from the.se last boilings are reboilcd to make a raw 
sugar termed “high remelt” and the synip from tliLs hist sugar, together 
w’ith the dark-colore<l lifjuors from the last runnings of the char filters, is 
reboiied to make “low remelt” raw sugar. The ciystallization of the 
low remclt sugar is completed in crj-stallizers as in raw-sugar manu¬ 
facture. 

The methods of pan boiling as above described are tj'pical of a refinery 
making only hanl whit<* sugars, ^^'he^e soft white and yellow sugars arc 
to be inad(>, tin* aim is to produce a product of low polarization and good 
color by combining suitable liquors and syrups and usually boiling the 
pans at low’ temperatures. 

The sugars are purged of sj'nip in centrifugal machines. The sub¬ 
sequent stage.s of manufacture depend upon the grmie of sugar that is 
re<|iiire<l. Granulated sugar is cured a.s has been de.scribed for beet sugar, 
by drj-ing and separating the ciystals in a granulator or clrj'er. Cube 
sugar is made by molding the moist sugar under pressure and then drj'- 
ing it in an oven. The yellow’ and soft white sugars are packed while 
moist, as they leave the centrifugals. Powdereti sugar is obtained by 
grinding verj' coarse granulated sugar and bolting it through silk bolting 
cloth. Loaf sugar and tablets are cut or broken from loaves and slabs 
molded from a magma of white sugar and high-grade white liquor. 

There is a very large number of grades of refined sugar, the classifica¬ 
tion depending upon color, grain, etc. 

Barrel Syrup. The residual synip of the refineries, if of good color, 
is sold as barrel .syrup for baking and table use. If of inferior quality 
it is marketed for the same purpose as the low’-grade molasses of the raw’- 
sugar factories. The syrup is sometimes filtered through bone-black to 
fit it better for table and bakery uses. 
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STARCH, GLUCOSE, {CORN SIRUP) DEXTRIN AND GLUTEN 

G. W. ROLFE 

ConsuUing Chemist, formerly at Massachusetts Institute of Technology, Boston, Mass. 


Starch and Starch Granules. Starch is widely distributed in the 
tissues of the higher plants, and makes up the larger part of the solids of 
grains and tubers. When pure, it is a fine whit^ powder having a density 
of 1.6 and at ordinary temperature is quite insoluble in water, alcohol, 
ether, or other common solvents. Under the microscope, starch appears 
as minute, white, translucent grains varjing much in size and shape, but 
60 characteristic that it is usually comparatively easy to determine their 
botanic origin. Morphologically, starch granules can be divided into the 
following groups: 

1. Large oval granules, showing concentric rings and a nucleus or 
hilum, placed eccentrically, such as the various arrowroot and potato 
starches, the potato group. 

2. Round or oval granules usually showing the concentric rings and 
having the hilum irregular, as those from peas, beans and lentils, the so- 
called leguminous starches. 

3. Round or oval granules showing hilum in centre. This includes 
starches from wheat, barley, rye, acorns and many medicinal plants, the 
so-called wheal group. 

4. Granules truncated at one end, such as sago, tapioca and cinnamon 
starches, the so-called sago group. 

5. Small angular grairus, often polygonal, such as maize, rice, buck¬ 
wheat and pepper starches, the so-called rice group. 

The size of these granules shows great variation in different starches, 
being from 0.005 to 0.15 mm. or more. 

The structure of the starch granule is quite complex, but from the 
viewpoint of the technical chemist it has been considered as composed of 
a colloidal substance, granulose, enclosed in an envelope of a more con¬ 
densed substance of similar composition, farinose or starch cellulose. 

If starch is heated to about 70® C., the exact point varying somewhat 
according to its nature and origin, it pastes or swells up into a pasty jelly, 
the viscosity of which also varies much in different starches. The micro¬ 
scope shows this to be due to the granulose swelling through absorption 
of water, usually bursting the granule. The granules can be gradually 
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niptured mechanically by grinding starch with sharp sand or in similar 
ways, or the “cellulose” can be removed by chemical reageants such as 
dilute? solution of caustic alkalies or zinc chloride, when pasting occurs 
readily in cold water. 

Researches on this starch paste by centrifuging, or, better, by dialysis, 
have shown that it can be separated into two components, <x amylose, 
(amylopcclin), a thick colloid, and 0 amylose, which remains in solution. 
a amylose has been found to contain about 0.2 per cent of phosphoric 
pentoxide. 

Samek has shown that this phosphorus is in combination as an amylo- 
phosphoric ester. He also has proved, by decomposing and synthesizing, 
that this ester, to a large degree at least, is the cause of the viscosity of 
potato-starch paste. Further work of Samek indicates that the corre¬ 
sponding ester of the cereal starches contains nitrogen, being a protein- 
amylo phosphoric ester. 

Results of Alsberg and recent work of Taylor and Beckmann tend to 
show that the viscosity of starch paste is more a physical than chemical 
condition, dependent on the amount of swollen granules present. It 
would be reasonable to expect the viscosity of starch paste to be affected 
if such were present. The granules of wheat starch become very much 
swollen and arc especially resistant to disintegration. 

A third substance, amylo-hemicellulose, found in cereal starches, has 
not been proved to be an actual constituent of the granule. Non-carbo¬ 
hydrates, found in small amounts, such as fatty acids, may possibly be 
due to the marked absorbent property of the granules and the conditions 
of manufacture.* 

Classification. Commercial starches are classified according to their 
pasting characteristics into thick- and thin-hoiling. The old-fashioned 
laundry wheat-starch is typical of the first class as a 5 per cent water 
mixture pastes into a thin translucent sirup, scarcely gelatinous at boil¬ 
ing temperature. Com starch, such as sold for food, when mixed with 
boiling water in the above proportion, forms a practically non-fluid paste 
and is characteristic of a thick-boiling starch. It is now known that these 
variations in pasting properties of starch of different kinds are largely 
dependent on the conditions of manufacture and that thick-boiling 
starches can be made thin-boiling by suitable treatment. 

These properties as well as the degree of gelatinization of the cold 
paste are of great importance in preparing starches for certain trades. 
In laundry work and the textile manufactures, for instance, the demand 
for a paste thin enough to penetrate the fabric when hot without coating 
the surface and at the same time with body enough to give the requisite 
stiffness make certain types of thin-boiling starches highly desirable. 
Thin-boiling starches are also used extensively in confectionery. In 

* The work of Taylor and Iddies on maize starch indicates that some esterification 
of fatty acids has actually taken place. 
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other industries, as in paper box rnakinp. and in certain lines of textile 
work thick-boiling starches are re<juire<l. 

Sources. Notwithstanding the great variety and wide <listribution, 
tliTC are cotni)aratively few sources of commercial starch. Hy far the 
greatest amount manufactured in the United States is maiie from Indian 
corn (maize), which av<*rag(‘s about 55 per c<>nt starch and of which about 
90,000,000 bushels are cotisuined annually in tin* manufacture of com¬ 
mercial starches and derived products. C'onsiderable pot.ato starch is 
also ma<le in this country' as well as som<* wheat starch, the latter being 
prepared from flour. 'J'apioca and Sitgo starches are imported to some 
extent from the Far b^ast, the latter u.<<*d i)articularly in the manufacture 
of (Uivelope gums, ('assava starch from Floriila and the >\'est Indies 
ha.s a limited use, niitl is not<Hl for tin* body of its paste. 

Method of .Monufocturc. 'rhe general ]>rinciples of starch manufacture 
are: (1) DLstintegrating the plant tissue in such a way that the starch 
grains are set free but not niptured. (2) Separating the gluten by diliit- 
ing with water the disintegrated mixture which has previously been treated 
with chemicals, or .subjected to fermentation, and then settling out the 
heavy starch by subsideuice. (3) \\ashing the .starch by agitating with 
water in tanks, “running” or tlecantation. (4) Recovery of the starcli 
bj' draining in clotli-bottom draining boxes or in deep frame filter-pre.sses. 
(5) Dryirjg the stanch in kihis. 

Ordinary No. 4 com which is commonly use<l in the manufacture of 
comrncrcuil corn starch and its allied products ha.s, acconling to Archbold, 
the following composition: 

Water. 11.00 per cent 

Ash. I -'>2 

OQ. 5.20 

Starch. 54.80 

Other carbohy<irates. 14.33 

Fiber. 2.09 

Protein. 10.4G 


The cleaned corn Ls shoveled from the railroad cars into conveyors 
from which it is spouted into the iitre}>~lubs, which are large wooden vats 
containing about 2000 bushels. Here it is soaked from two to four days 
in warm water containing about 0.2 per cent of sulphurous acid. The 
water is circuhited through the corn and by means of an adjoining heating 
tank is kept at a tempc*ruture of 50® C. (120® F.).‘ The sulphurous acid 
seems to have a softening effect on the glutinous parts of the kernel and 
at the same time prevents undesirable fermentative changes. The 
“ steep-waters” drained from these vats, formerly a great nuisance, are now 

' Jeffrica has patented a circulating water system for a battery of steep-tubs, nnal- 
uKous to the dilTusion used in bcet-suKar factories, by which greater extraction of 
soluble matter and increased water economy is attained. 
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ovaporatcci and considerable valuable food material recovered. This is 
mixed with the bran for cattle feed. When tlic grain is thoroughly soft¬ 
ened by the steeping so tliat the contents of the kernel can be readily 
disintegrated by moderate pressure, it is usually passed through a Fuss 
mill. This mill (see Fig. 5) in its essentials consists of two parallel ver¬ 
tical plates, rapidly revolving in opposite directions and carrying studs 
which project between each other. The corn dropping between these 
plates is thoroughly, altliough not finely, broken up. The tough, rub- 
bery germ at the apex of the kernel, which contains practically all of 
the oil, over 30 per cent of its weight, passes out entire, and is sep- 
arateil from the rest of the grain by passing the mass, mixed with 
an appropriate amount of water, through germ-separators, which arc 
tanks containing agitators so constructed that the movement brings the 
germs to the surface where they are removed by an appropriately placed 
spout and sieves, the heavier parts of the grain passing off below. The 
germs are drained and washed from adhering starchy liquor, dried, ground 
and the oil pressed out of the warm mass by means of oil-presses of the 
usual construction. This oil is used principally for soap making and for 
the manufacture of a vulcanized product and in rubber making, although 
it can be applied to most purposes to which a semi-drying oil can be put. 
Owing to its high heat resistance, this oil is coming into extensive use in 
cookery in place of lard and cottonseed oil. It is also used as a salad oil. 
The remaining oil cake is an excellent cattle food.‘ It is ground into 
meal or shipped in the original cake, the latter, owing to its compactness 
and unalterability, being particularly adapted for export. The remaining 
disintegrated grain is mixed with water (liquor, from the separators), 
reground in a buhr-stone mill (Fig. 8), and the semi-liquid mass passed 
over the shakers, inclined bolting-cloth sieves of about 200 mesh, mounted 
in a shaking aparatus. The starch with most of the gluten is washed 
through the bolting-cloth by jets of water or starch liquor, while the woody 
portions fall off the lower end of the sieve. This process is usually repeated 
two or three times, the bran after each shaking being passed through roller 
mills such as are used for grinding Hour. The bran or “wet feed” is finally 
passed through the slop machine which wrings out the enclosed hquor and 
is either sold for cattle feed in this moist state or it may be dried, being 
often mixed with the gluten meal. 

The starch and gluten liquor from the shakers is agitated in tanks 
to keep the starch in suspension, and its density adjusted from 4 to 6“ B6. 
It is then passed over the ruTis or tables, which are practically level, the 
incline being usually only about 4 ins. for troughs 120 ft. long and 2 ft. 
wide. As the liquid slowly Hows down the run, the heavy starch granules, 
rolling over each other, are practicaUy freed from the adherent coagulated 
part of the gluten and are deposited upon the bottom, the gluten being 

^ Composition of oil cake: moisture, 10 per cent; protein, 22 per cent; starch, 18 
per cent; oil, 11 per cent; fiber, 10 per cent; ash, 1.80 per cent. 
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carried off the end of the trough. Xlcn with wooden paddles keep the 
surface of the tleposited starch smooth to pn’vent loss of the starch through 
any cutting action that niight be caused by irregular depositing or acci¬ 
dental obslniction.’ 

The deposited starch which extends in a layer of about 1 ft. thick 
at the upper end of the run to practically nothing at the foot of the run 
is shoveled out of the troughs into cars running on a track over the top 
of the trough and is then dumped into the breakers. The breakers are 
taiiks provided with revolving agitators, by means of which the starch 
may be mixed to a thick cream with water and washed once or twice by 
decantation according to the quality desired, or it may be purified by 
returning again to the tables. 

The glut<*n liquors from the tables always contain considerable starch 
w’hich cannot be recovert'd jis commercial starch. The Ucpiors, therefore, 
arc settled to remove the excess of water and the residue passed through 
filter-pre.sses,^ the cake thus formed being dried, ground, and sold as 
gluten meal. According to Kaufmann it has the following composition: 


Moisture. . . . 

Protein. 

Fat. 

Carbohy<lrate 

Fiber. 

Ash. 


9.74 per cent 
31.20 
2.35 
54.67 
1.44 
0.60 


This gluten meal is often nuxed with com bran to form gluten feed. 
The starch milk is either run into molding bores, wootlen frames with 
cloth bottoms, to drair» off the water, or filter-presses with deep frames 
are used. 

Drying Methods. The starch is cither dried in trays forming pearl 
starch, or boxed, packed tightlj' in paper-lined boxes, and then the partially 
dried cake transferred to the drying kiln. The kilns are of various designs. 
Some arc in the form of wooden tunnels through which the cars contain¬ 
ing the starch arc pushed along by the cars of wet starch entering at one 
end, the cars of dry starch Ijcing taken out at the other. The temperature 
varies considerably at different parts of the kiln and depends on local 
factory practice, 160 to 180* F. being the customary temperature for pearl 
starch, the drying taking eighteen or twenty hours. Lump starch which 
is boxed is allowed to dry partially at a much lower heat, the blocks turned 
out of the frames being placed on shelves in a kiln the temperature of which 
is about 130® F. A yellowish cnist which is about \ in. thick forms on 
the outside of the blocks; this is remo.ved and the mass of clean, white 

‘ Recently, mechanical devices, rollers, have been use<l for this purpose. 

* By McCoy’s recent patent these gluten liquors are utilized in the earlier separa¬ 
tion process (coarse slop) and the starch wash-waters are returned to the gum separators 
and the later akimmings (fine slop). 
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starch again returned to the kiln, where it is dried for several days at a 
temperature of about 1G0° F. During this drjdng the lumps split up into 
miniature btisaltic-like masses technically known as crystals. The size 
of the crystals can be regulated by the temperature; a low heat giving 
larger and more irregular lumps. 

Starcli when air dried contains from 12 to 15 per cent of moisture, 
and if more thoroughly dried in the kilns it will soon absorb water when 
exposed to the air until the above percentage is reached. The moisture 
in starch varies also with the humidity of the air; starch dried by heat 
being one of the most hygro.scopic substances known. 

Alkaline Starches. The description giv’en applies specifically to the 
manufacture of the so-called neutral, thick-boiling starches, and in gen¬ 
eral to corn starch. In making alkali starches, caustic soda is added 
to the starch and gluten liquors before running so as to make the gluten 
more soluble. Such starches have less nitrogenous impurities but are 
high in ash, as it is impossible to wash all of the alkali out. Alkaline 
starches give thicker pastes than neutral starches made by the sweet oi 
sulphite processes. 

Thin-boiling Starches. Thin-hoUing starches are made by subjecting 
the starch to a treatment with verj' dilute acids at temperatures below 
the bursting point of the granule, usually 35 to SO*® C. This causes an 
incipient hydrolysis of the contents of the granule, but does not per¬ 
ceptibly affect the enveloping starch cellulose, the dried product being 
indistinguishable from the original starch, even by careful microscopic 
examination. A certain very small amount of the granule contents is 
rendered soluble and can be removed by washing the starch with cold 
water and filtering. The amount and nature of this soluble carbohydrate, 
which can be detected by adding a drop or two of a verj*^ dilute iodine 
solution, depends on the extent of the acid modification. 

Two general methods of making thin-boiling starches are used in 
factory practice—the first, known as the drying-in process, consists in 
adding either sulphuric or hydrochloric acid in very dilute form, usually 
about 1 per cent upon the weight of the crude green or mill starch as taken 
from the runs mixed with water. The excess of liquid is then drained off 
and the starch allowed to dry gradually at a gentle heat. This process 
has been practically superseded by the in suspension process in which 
case the green starch is dumped into a tank of hot water containing 0.1 
to 0.2 per cent of acid and kept in suspension by means of agitators. When 
the process is complete, as shown by pasting tests, the acid is neutralized, 
the starch is drained and then dried in the usual manner. This latter 
process has been developed largely by Duryea, who has taken out patents. 
These thin-boiling starches are now made in large quantities, having 
largely taken the place of wheat starch in the laundry trade. 

Potato Starch. Practically all of the starch used in Europe is made 
from potatoes. Potatoes contain only from 17 to 20 per cent of starch 
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Imt the actual yield per acre is more than that from either com or wheat, 
for the reason ttiat the jjotato yield is 6', tons jjer acre against about 25 
bushels for corn and 31 for wheat, or less than a ton of grain. 

Tlie potatoes are soake<l in vats of water for several hours and then 
washed in a long trough containing a spiral stirrer which tosses them 
about, thus giving a thorough rubbing.* Some factories use revolving 
cylimlers for the same purpose. The potatoes are then introduced into 
rasping machines equippe<l with rapidly revolving knives; the pulp thus 
formed being passed tlirough sieves to remove the fiber and the filtrate 
allowed to settle. The lower layers of wliite starch are drawn off and the 
upper gray layers still containing some filx?r are resieved and settled, this 
being repealed several times. The starcli is then purified on ruiui and 
dried in a similar manner to corn starch. 

Potato starch is often matle thin-boiling by methods analogous to those 
used in com starch modifications. Certain patented proces.-5es designed to 
purify the starch by oxidizing the nitrogenous compounds by use of potas¬ 
sium permanganate and other oxidizers also produce thin-boiling modifica¬ 
tions. Commercial potato starch usually contains about 20 per cent of 
water. 

Wheat Starch. AVheat starch is usually made from flour, either by 
the old-fashioned method of allowing the mixture of flour and water to 
ferment in vats and then purifying the starch by settling, in which case 
the gluten is destroyed by fermentation and a thin-boiling starch results, 
or by the Martin process, in which the gluten is saved and a thick-boiling 
starch produced. In this latter process, masses of dough made by moist¬ 
ening the flour are placed in a special kneading machine in which the 
dough is knea<ied by grooved rollers working in a swinging frame, the 
starch being w’ashcd out through sieves by jets of water, settled and 
passed over runs. The resulting starch when dried and finished is thick¬ 
boiling and the gluten, still containing several per cent of starch which 
it is impossible to remove mechanically, is recovered as a rubbery mjuss. 

Rice Starch. Rice starch is made to a considerable extent in Kuropc. 
There arc several processes, but they all depend on destroying the gluti¬ 
nous matter by alkali or fermentation or by both. About 0.3 per cent of 
potash is usually employed, the steeped grain then being ground and the 
starch removed by sieving and settling, the la.st process being a tedious 
one owing to the minuteness of the granules. 

Tapioca and Arrowroot. Cassava (tapioca) and arrowroot starches 
are made from tubers of tropical plants by processes similar to those used 
in potato starch manufacture. Certain varieties of the cassava plant 
contain large amounts of prussic acid. As such starches are u.scd exteh- 
sively for food, it is necessary that they undergo a special fermentation 
and washing to remove this poisonous principle. Sago starches arc made 

> This preliminary washing is nciccssanly thorough ns it is difficult to remove matter 
affecting the whiteness of the starch in subsequent processes. 
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from the pith of certain palms and are imported both as “flour” and in 
the form of dry pellets of starch past^. Tapioca is often prepared for 
the market in a similar way. Cassava starches are noted for the great 
thickness, or body, of their pastes. 

Commercial Glucose and Other Products of Starch Hydrolysis. Starch, 
according to Brown and Morris, is a highly condensed hexose carbohydrate 
of the fornuila (CgHioOs)^, consisting of approximately 100 anhydride 
groups which can be resolved by suitable hydrolytic agents into as many 
equivalents of dextrose, providing the hydrolysis is sufficiently prolonged. 

Researches of In.dne in mcthylation of starch indicate that what is 
termed the “molecular unit” of starch has the formula, (C 6 Hio 05 ) 6 , 
which is polymerized, or, as some believe, condensed,—“a simple associa¬ 
tion of molecules brought about by forces other than those represented 
by the ordinary valences of the elements.” (Pictet.) 

The state of our present knowledge of the composition of starch is 
summed up by Ling in the following: 

“The general conclusions arrived at regarding the constitution of all 
starches is that they contain two basal units, a hexaamylosc and a/3 hexa- 
amylose. These exist in starch granules in a form polymerized possibly 
to different degrees in the different starches by subsidiary valences and 
esterified. They then occur as polymerized amylose and amylopcctin.” 

Dilute acids will produce complete hydrolysis, the rate depending on the 
nature of the acid and varying approximately as the concentration, but 
increasing rapidly with rise of temperature. When starch paste is sub¬ 
jected to the action of an acid, it is gradually resolved into simpler car¬ 
bohydrates, the reaction being the result of the breaking up of the 
numerous anhydride groups of the complicated starch molecule with the 
formation of hydroxyl radicals from the water present, the acid not going 
into the combination, but acting catalytically. 

The speed at which this hydrolysis proceeds depends on the amount 
and nature of the acid and the temperature. If the hydrolysis is carried 
to completion, the final product is a glucose sugar called dextrose, although 
in actual practice, some small quantity of decomposition products are 
usually formed.^ The intermediate hydrolytic substances are very com¬ 
plicated, but behave chemically and physically as molecular aggregates 
of three bodies—dextrose, a biose sugar known as maltose, and a dextrin 
with the properties of the original starch paste. 

This progress of the hydrolysis, or conversion of starch paste manifests 
itself by characteristictic chemical and physical changes. The thick paste 
loses its colloidal nature and rapidly becomes more limpid, the concentra¬ 
tion of the solution increases, although the dissolved carbohydrates become 
specifically lighter, and the solution becomes distinctly sweeter in taste. 

^ These dccompoaitioD products rarely amount to more than 4 per cent in ordinary 
hydrolytic work. They contain a reversion product, gentio-biose, once erroneously 
believed to be iso-moltose. 
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If tested with a weak aqueous solution of iodine, the deep sapphire blue 
given by the original stareh paste ehanges as the hydrolysis proceeds 
passing into violet, then to a rose-red. which in turn ehanges to a reddh^h’ 
brown which grows steadily lighter until just before complete hydrolysis 
is reached it disappears altogether. A few drops of the solution poured 
into strong alcohol give a copious white precipitate during the early 
staps of the conversion; as the hydrolysis continues, the amount of pre¬ 
cipitate becomes less until near the end, when no precij)itate is produced. 

Discussing the manufacture of thin-boiling starches, it is stated that 
the progress of the slight hydrolysis, caused by the heat treatment with 
dUute acid-s, is controlled by iodine tests on the filtrate' from the cold-water 
washings of the starch granules. 

In these tests tlu're is the seeming paradox of the loivcr converted 
starches by thLs treatment giving iodine eolors corn'.sponding to the 
higher hydrolyzed substance. For instance, a filtrate from a fairly thick¬ 
boiling starch will sh<iw in such itirlino tests colors correspontling to the 
higher dextrins while, as the treatment progres.scs, the ioiline colors appear 
m the filtrate in reverse order. This is explained hy the action of the 
hydrolysis on tlie phgsiral struefure of the granule itself, which gradually 
becomes more permeable to the lower hydrolyzed, more colloidal dextrins. 

It is well known that even at the heginning of starch hy<lroly.sis there 
are always formed some of the later products of change. These being more 
diffusible ca.sily pass through the granule envelope. The more colloidal 
substance although present in much greater proportion is retained at first 
but passes into the filtrate in greater quantities as the granule is attacked, 
so that its iodine color gradually predominates. The liydrolysis in such 
treatment is very slight in any case and, as the microscope shows, the 
skeleton of the granule structure is not destroyed. 

It should be remembered that in treating starch in the unbroken 
granule, as in the thin-boiling proces.s, we arc acting on the carbohydrate 
through an envelope of variably permeable organic stnicturc, a complex 
plant organism which, while itself hydrolyzable by more dmstic methods, 
still exists in more or less original state, according to length of treatment. 

Of course such iodine tests are vitiated if made on starch lots which 
may have been damaged by careless manufacture, thus containing large 
amounts of broken or scorched granules. 

If the conversion products arc te.sted polariscopically, it will be found 
that there will be a progre.ssive fall in specific rotation values from that 
of starch paste (202®) to that of dextrose (52.7®). The Fehling test shows 
no copper reduction with starch paste, at the beginning of the hydrolysis, 
but progressively increases till the maximum reducing power is reached, 
when practically all of the converted products arc finally transformed into 
dextrose. 

Since the discovery of the process of converting starch into dextrose 
by the action of heat and acids, as long ago as the beginning of the last 
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century, dextrose in a crude form and known as starch sttgar or grape- 
sugar lias entered more or less into commerce, but its importance as a 
product is small as compared to that of glucose which latter has been 
developed in the past forty years and become practically indispensable, 
in many food products. 

Glucose. The term “glucose” as used to define this product must 
not be confouiuled with dextrose or it« isomers, but has reference to 
a special commercial sirup which is always sold under this designation.* 
The name “corn sirup,” which has been suggested, would seem to be a 
liappier designation, as is the German “starkezucker Sirop.” It is a thick, 
viscitl sirup, practically clear and colorless, or of light amber tint, and is 
a product of the partial hydrolysis of starch. Its composition varies 
somewhat but the average product has a specific rotation of about 140®, 
with a Fehling reducing value of about 47 per cent that of dextrose. 

The above corresponds to a composition peculiarly well adapted to 
the commercial requirements of glucose, which are, that it be a practically 
“neutral” (flavorless) sweet sirup, unerystallizable when highly concen¬ 
trated and capable of forming unerystallizable mixtures with cane sugar 
when the latter is added in large proportion. The sirup also must be 
capable of being refined so that it is practically colorless. The properties 
which make glucose valuable in the manufacture of candy, preserves, 
jellies, sirups and similar food products, are those of a hydrolyzed product 
which is converted only so far that at least 25 per cent of dextrin still 
remains in the carbohydrates. If less dextrin is present, the dextrose 
tends to crystallize out at high concentrations, while it will not adequately 
prevent graining in sugar mixtures. If the conversion is not carried to 
about this point, the glucose has not the^requisite sweetness, while at the 
same time the preponderance of the less soluble dextrin makes a cloudy, 
pasty sirup. 

A better comprehension of the chemistry of commercial glucose can 
be had by a study of the above diagram, which gives the variation in 
percentage of the three primary constituents, dextrin, maltose, and dex- 

‘ It is remarkable how few of the apparently well-informed know what “commercial 
glucose*' really is. This is due to the confusion of terms which associate this mis¬ 
named starch product with grape-sugar and dextrose. It is quite true that dextrose 
(glucose) is an ingredient of commercial glucose, but the dextrose in the commercial 
glucose of today is the least important ingredient, both in quantity and for the qual¬ 
ities which it imparts to the product. 

Pure cane molasses is much more entitled to the name “glucose” than is this starch 
product so far as its composition and characteristics are concerned. Yet encyclopedias, 
scientific texts and popular writings are full of erroneous statements confusing “glu¬ 
cose” with dextrose and the glucoses. Indeed, its most earnest advocates and adver¬ 
tisers have been responsible for glaring misstatements both in the public prints and 
in court testimony through implication of facts relating to dextrose and the glucose 
sugars to this well-defined product of quite different characteristics. This might not 
be so surprising except for the tremendous magnitude and importance which the 
manufacture of this product has in the world's food economy. The use of the term 
“com sirup” seems to be coming into more general use. 
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trosc, present in the carbohydrate matter as acid hj'drol 3 ’sis proceeds, 
the progress of the iiydrolysis being shown by tlie change in optical rota¬ 
tion from that of starcli paste to tliat of dextrose. 7'he stage of Iiy<lrolysis 
most favorable for the manufacture of commercial glucose for ordinary 
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‘The diagonal tloUed line.s uliow ihe re.spertivc dextrin niid maltose perccnt/iRea 
obtained in starch jjnxlneLs hydrolyzed by dUistase (nudt) con%'ersion for the corre- 
Bf)otiding rotation values. These are correctetl for the polarization influence of carbo¬ 
hydrates introtiuced in the malt, which do not come from starch hyilrolysis. 

These curves represent the progress and state of a normal hydrolyain of starch, 
interpreted in terms of its three primary constituents ns previously ojcplained. It 
should l>c emphasized that they apply only to a product resulting from normal hydrol¬ 
ysis, that is: to a commercial glucose which has been made from n single batch of starch 
carried to a definite |)oint of conversion. Formerly, such samples of gluco.se were 
common, but now, glucoses are often blends or mixtures of tliflrcrent batches conUiining 
highly conx’erted liquors worked back into those low converte<l. The large scale pro¬ 
duction of today and factory economies have, no doubt, much to do with such products. 

Such glucose mixtures will not conform to values shown by the hydrolytic curves. 
A simple calculation of the optical and reducing constants of two normally hydrolyzed 
glucoses when mixed will show that the resultant reduction value will always be lower 
than called for by the corresponding optical rotation for a normal hydrolysis. A group 
of reduction values of such glucose mixtures, plotted against their optical rotations 
will often full closely on a straight line instead of on the normal curve. Hence, tests 
made on such glucoses may be the cause of erroneous statements that dextrose is the 
only reducing constitutent of commercial glucose. Io<lino tests on such glucoses will 
often sliow a conversion point much lower tlian that required by the rotation. 

It should not be inferred that such glucoses arc in any way inferior for the purposes 
intended. Addition of dextrose, for instance, seems to be an advantage in glucoses 
designed for hard candies. 
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purposes lies between the rotation values, 120 and 140; although glucose 
used for special brewing purposes may be somewhat outside these limits. 
(Sec Fig. 405.) 

Manufacture of Glucose. Glucose is manufactured on a large scale 
in this country conjointly with starch, gums, dextrins and numerous 
valuable by-products. Practically all of the commercial product is made 
from corn (maize), what is known as “No. 4” being usually taken although 
all grades arc used. Tlic following diagram outlines the process and will 
assist in following the steps, which as far as the production of the green 
(crude) starcli are identical with those of corn starch manufacture which 
has already been described. 


Scheme of Glucose Manufacture 
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Originally, glucose was matle in open convfrlers which wore large tubs 
provided w’ith steam coils and agitators; but owing to the fact that the 
speed of hydrolytic action is inen-ased enonnously by temperature rise, 
and as converting at liigh-pressure effects great economy of time and 
acid, the open converter has become obsolete. AI.*io, in recent j'cars the 
pressure has been greatly increased, and the time of conversion reduced 
by three-quarters or more. Hydrochloric acid is almost universally used 
as the hydrolyto owing to its greater converting power and because it 
gives a bright<‘r, more easily refiner! product. 

The green starch is taken dirc'ctly from the tables to the converter, 
being .shoveled off the runs, and mixed with water in a breaker, a tank with 
an agitator, to a thick cream usually standing about 20® B<^. 

Horizontal Converter. The older type of converter, which is still in 
use, is a horizontal cylinder usually made of gun metal or copper. The 
diluted acid is introduced, steam is then tunied on and a pressure of about 
30 lbs. maintained. The starch liquor is then gradually pumped into 
the converter in a fine stream, twenty minutes or half an hour being con¬ 
sumed for filling. This allows time enough to permit the entering starch 
to become sufficiently liydrolyzed, to prevent pasting; otherwise, large 
clots would Ik; formed, plugging the apparatus and causing “freezing". 
The conversion is then continued under pressure of about 30 lbs. until 
iodine tests made on small s^iinples withdrawn from the apparatus show 
that the proper conversion point has been reached, which usually takes 
from fifty minutes to an hour. 

Vertical Converter. In the more modem t>'pe of converter, which is 
Blrnilar in con.struction but vertical, the starch milk is mixed with part 
of the achl before introducing into the apparatus and is thus partially 
hydrolyzed in a separate tank, a larger proportion of acid l>eing used. 
The whole charge is run in a few' minutes into the hot converter through 
a large optming in the top, the cover immediately screwed on and the 
steam pres.sure quickly raised to about 50 lbs. Owing to this high pres¬ 
sure and the greater strength of acid used the starch is almost immedi¬ 
ately liquefied, thus causing the w’hole conversion to be completed in about 
ten minutes. 

The converted liquor is turbid from the colloidal albuminoids it con¬ 
tains and has a density of about 16® B<'*. It is immediately blown out of 
the converter into the neutralizer, w’hich is usually a large covered w’ooden 
tank provided with a stirrer and also having ventilating shafts for the 
removal of hot vapors. Here it is treated with a dilute solution of sodium 
carbonate which not only neutralizes the acid, but at the same time 
coagulates the colloidal albuminoids and precipitates the dissolved iron 
BO that a briglit filtrate is obtained. 

From the neutralizer, the liquor goes to bag-filters of the type used 
in sugar refining (Taylor filters).^ The practically clear amber-colored 
1 Modem types of filter-presses are often used owing to their economy of labor, 
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bag-liquor usually goes thence to the bone-char filters for its first decolor- 
ization, but often it is first subjected to a further treatment with precipi- 
tants and filter-pressed before going to the bone-char. 

Char Filters. The bone-char filters are identical with those used in 
sugar refining, being vertical cast-iron cylinders containing 20 tons or 
more of char, but greater care has to be taken in the preparation of the 
char and in the filtering since all those impurities which affect the color, 
appearance, flavor and give other objectional qualities must be removed 
at this stage, if at all, as they cannot be collected in the mother-liquor 
by crystallization as in cane-sugar refining. 

Since the slightest trace of caustic lime or other alkali in the char will 
cause a brown coloration in the hot liquor, it is necessary to subject the 
char in the filters to a careful preparation known as tempering. This 
consists in a treatment with dilute hydrochloric acid, washing with hot 
soft water and a partial drying by means of steam or compressed air. 
This neutralizes the alkali which is present, consisting principally of caus¬ 
tic lime and ammonia, and also removes considerable of the soluble salts, 
especially those of iron. 

The glucose is passed twice through the bone-char filters; the first 
passage follows bag-filtering, producing what is known as light liquor. 
This liquor is evaporated in a multiple-effect apparatus to a density of 
about 30® B6., and again goes to the bone-char filters, when the product 
is kno^m as heainj liquor. The method of procedure is as follows: The 
fresh bone-char as it comes from the kilns is cleared of the dust and smaller 
particles which would cause clogging of the filters. It is then spouted 
in through a manhole until the filter is filled to within 2 or 3 ft. of the top. 
The hot tempering acid is then added until the char is covered, and is 
allowed to remain in contact with it for some time. The acid water is 
then drained out of the bottom of the filter and the wash water intro¬ 
duced, which is also drained out at the bottom. The drainings are then 
blown out with steam or compressed air. The filter is now filled with hot, 
heavy liquor which is allowed to stand for some time in contact with the 
char. The liquor is then slowly displaced by more heavy liquor entering 
at the top of the filter, the filtered liquor passing out through the bottom 
by means of a pipe which rises nearly to the top of the filter, thus keeping 
a constant level just over the upper surface of the char. 

After the heavy liquor has been running over the char continuously 
for four or five hours, the time depending on the working of the filter and 
other factory conditions, the last filter full is displaced by the light Hquor 
which then runs through the filter in the same manner for several hours. 
By the end of this time the capacity of the filter for efficient work has been 
reached, and it is now sweetened off by displacing the light liquor which 
remains in the filter with soft water, continuing the flow till a Bamn6- 

but bi^-filtera are stiU much favored for their advantage of great filtering surface with 
a minimiun of space and weight* 
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spincllo test at the exit pipe shows that all the lirpior has passe<l. Tliose 
“sweet waters,’’ together with the wasliitigs of tfio bag-fillers, are concen¬ 
trated in an evaporator an<l ustially put info (he bag-licpiors. Tlie filter 
is now wrished for a number of hours by a reverse flow of liot, soft water, 
the water entering at the bottom and passing out at the top of the filter. 
After this washing the char is dumped through a manhole in the side at. 
the bottom of the filter ami is carried by conveying machinery to the kilns 
where it is dried by passing over hot fliie.s in the upper [)art of the kiln 
and then heated to dull red as it passes through the tubular iron retorts. 
These tubes are place<l vertically in tlie kiln and are connected to sheet- 
iron tubes extending out through the bottom of the kiln which v<erve to 
cool the char. The retorts and coolers are kept entirely filleil with (he 
char which is made to p.ass through them very slowly, at regular intervals, 
the char being remove<l in small (piaritities from the* bf)ltom of the coolers. 
In this way a large part of (lie organic matter which clogs the pores of 
the char is volatilized or destroyed without injuring the char itself. After 
passing through the kilns and Ixung sifted, the char is again ready for the 
filters. There is necessarily some loss in this revivifying, 1 per cent or more 
being removed by the .sieves in a .state too fine for use in the filters. This 
spent char is of cf)nsiderable value, however, as it is u.sed in the manu¬ 
facture of fertilizers, colors, and for other purpo.ses. 

Conc^ntraliou. The practically colorle.ss heavy li(iuor coming from 
the bone-char filters is now rea<ly for the final boiling down in the vacuum- 
pans whence it comes as finished glucose and is run into the barrels for 
shipment. 

As gluco.se liquors, even in the vacinim-pan, will color .‘somewhat when 
boiled to the concentrations required of the commercial pniduct, it has 
been the practice to inject a solution of acid sodium sulphite {bisulphite) 
for the purpose of bleaching during concentrating in the vacuum-pan. 
The bisulphite also acts a.s a preser\'ative of the thinner simps in wliich 
glucose wjis used. It further prevent.s, to a great extent, its darkening 
in the kettle, when used in hard candy manufacture, yiiice the enforce¬ 
ment of the Pure Food Law in thi.s count rj' in 1907 use of sulphite 
in any appreciable amount has been forbidrlen in glucose for food,’ 
so glucose made since the enforcement of this law has had a light amber 
color. 

All refined glucose contains to a greater or less extent, depending on 
the quality of the refining, certain impurities which cause objectionable 
color, flavor and odor, present it is tme, in very small quantity, but still 
significant as affecting the value of glucose for many purposes. It is now 
known that these arc actually impurities and not inherent in the carbo¬ 
hydrate, being in the main nitrogenous decomposition products from the 
small quantities of gluten left in the starch and resulting from its acid 

‘Temporarily pending investigation of this matter the government has waived 
prosecution for the use of sulphurous acid compounds in sirups up to 0.035 per cent. 
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hydrolysis in the converter. The effect of these objectionable impurities, 
particularly the color, has been mitigated by the use of sulphites, which, 
more or less temporarily, bleach the goods and also mask to some extent 
the objectionable odors and flavors. Now that the use of sulphites is pro¬ 
hibited in glucose used as a food, manufacturers have been obliged to 
use starch which has been especially purified by washing or rerunning on 
the tables. Rerun alkali-process starches have been used, giving a some¬ 
what better product, but they have the disadvantage of increasing the 
mineral content of the product, owing to the alkali introduced, which 
cannot be completely removed, and also because of the greater amount 
of hydrolyzing acid required. 

Duryea has patents for manufacturing glucose from a pure modified 
starch in which the purification is accomplished by a mild acid hydrolysis 
and subsequent removal of the hydrolyzed impurities by the usual methods, 
such as washing or rerunning. 

Glucose is usually made at three concentrations, 42®, 43® or 45® B4., 
and, as has already been stated, as a rule, is converted to a point repre¬ 
sented by a specific rotation for the anhydrous carbohydrate of about 
140® D. Apparently, there is no attempt to vary the composition of the 
product for special trade uses as could easily be done to advantage, but 
the lighter-colored pure glucoses are selected for confectioners’ use, irre¬ 
spective of the degree of conversion. Glucose used for the manufacture 
of table sirups is usually known as mixing glucose. Such sirups are made 
from cane sirups, usually refinery molasses, or from white sugar and glu¬ 
cose in the proportion of 85 per cent of glucose to 15 per cent of cane sirup. 
Table salt and sometimes small quantities of vanillin are often added. 
The other principal uses of glucose are in the manufacture of jellies, pre¬ 
serves and in brewing, although its applications are multifarious in many 
industries where it does not enter as a food product, as for instance, it is 
used in enormous quantities to fill sole leather and tanning extracts. 

Grape-Sugar. Grape-sugar is the name applied to a crude dextrose 
which is manufactured in considerable quantities in this country and is 
used chiefly in the manufacture of vinegar and in brewing, also as a reduc- 
ing agent in many industries, as in indigo dyeing, and in silvering on 
glass. It contains from 70 to 80 per cent of dextrose, the balance of car¬ 
bohydrates being those of the lower hydrolyzed products. Grape-sugar 
is not much used in food products owing to its bitter, unpleasant flavor, 
largely due to the effect of the greater degree of hydrolysis on the nitrog¬ 
enous impurities of the starch already referred to and also to the decom¬ 
position products arising from the prolonged action of the acid and heat 
on the carbohydrate itself. The initial steps of grape-sugar manufacture 
are the same as those of making glucose, except that more hydrolyzing 
acid is used, and the conversion is carried to the point that no dextrin is 
precipitated when the sample is poured into strong alcohol. 

As it appears in the market, grape-sugar is a hard, waxy solid, being 
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in the main in tiie form of concrete, compact mtvssos of crj'stal plates of 
the crude dextrose monohydrate, madi- by poiirinp the highly concen¬ 
trated liejuors into mohjs. \\ h<*n fresh, it is usually Cjuite white, especially 
when bleached with sulphite, but it darkens with age, and the lumps 
become very hard. Two grades of this (]uality of grape-sugar are on the 
market, known respectively as seventy and eighty .sugar, the hgures being 
supposed to represent the per cent of dextrose in the goods. 

About 1880, Dr. Behr invented a process for making anhydrous de.x- 
tro.se in a commercial way, and this sugar wa.s made to some extent. The 
process con.si.sf.s in starting a crystallization in aqueous solutions of com¬ 
mercial dextrose, under favorable conditions of teinp<‘rature and concen¬ 
tration, with seed or pure anhydrate obtaim-d by crystallization from 
alcohol. The anhydride thus obtained i.s in fine needles which are prac¬ 
tically chemically pure, and can it'adily be purged from the mother-liquors, 
from which darker sugars were made for brewing purposes. 

In recent years, dextrose of high purity and also a chemically pure 
anhydrous dextrose, prepared on the basic principles of the Behr process, 
have come into extensive use in the preparation of food products. These 
sugars arc nwidc by improved and patented methods of purification and 
direct crystallization from factory sirup. 

Malt-glucose. In Japan, glucose has been made for centuries by 
primitive methods of converting the starch of rice and millet. Midzuame, 
as it is culled, in its better grades, is a light yellow transparent sirup 
resembling our commercial glucose, and by analysis it is shown to be a 
practically pure diastase-converted starch product. In Europe, similar 
sirups have been made to some extent, and practically unrefined sirups 
made from ground malt and other grains, known as malt-extracts, are com¬ 
mon pharmaceutical preparations in this country. Commercial glucose 
made by use of malt has not yet been put on the market as a regular 
product of starch. One reason for this has been the relatively large amounts 
of malt necessary for conversion which made the cost of production 
prohibitive. In 1903, Duryea took out patents for an improved method 
of making malt-converted glucose, called by him “maltose,” in which the 
process starts with a purified starch, which is subjected to an acid 
hydrolysis of short duration before the malt infusion is applied. In this 
way a very small amount of malt extract is required and a conversion 
obtained which gives a product practically indentical with that obtained 
from a normal disastasc conversion, but very small quantities of dextrose 
being present. 

A “maltose” thus made is odorless and practically free from flavor, 
the objectionable nitrogenous by-products formed by acid hydrolysis 
apparently not being produced in this method of conversion. 

Dextrin and British Gum. Artificial gum made from starch and 
known as dextrins and Brilish gums are made in large quantities both in 
this country and Europe, and are employed in many ways as substitutes 
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for natural gums such as (ragacanth or gum arabic. Enormous quantities 
of these starch gums are used in the textile industries, for envelopes and 
l>ostage stamps. The.se products are ma<le l)y healing {roasling) starch 
in revolving cylinders, which are lieated directly by a furnace or by an 
oil-batli, or in shallow traj’s in slielf kilns. Tlie temperatures used vary 
much according to the product desired, varying from 170° to 270° C. 
In making dext rins, lower temperatures are used and the starch is moistened 
with dilute acid, usually nitric, 0.12 per cent, previously to heating so that 
in the earlier stages of heating, considerable hydrolysis takes place.* In 
making British gutns usually no acid is used, but the temperature employed 
is higher, and even in this process hydrolysis first takes place to some 
extent, owing to the moisture and acid naturally in the starch. The 
time of heating varies much acconling to tiie protluct, while dextrins 
taking but two hours, while British gums are heated for fifteen hours 
or oven longer. There are no exact standards for dextrins generally 
recognized, color and body of the mucilages which measured quantities 
of these gums make are usually the best means of their valuation. These 
products are not definite chemical compounds, neither are thej'’ made 
according to fixed methods of procedure. Often different ^^roducts are 
blended to give the properties desired. Little is known of the chemical 
constitution of these products, however much has been assumefi. They 
contain some products of acid hydrolysis, it is true, but they are not in 
the main identical with products of acid hydrolysis. 

Soluble Starch. Soluble starch is starch which has been but lightly 
dextrinized, and is practically identical with many so-called white dextrins. 
Actually there is no exact limit in the hydrolytic stages between soluble 
starch or dextrin and thin-boiling starches, as certain of the higher con¬ 
verted thin-boiling starches contain considerable substance more or less 
soluble in cold water, but there is an exact practical distinction. Soluble 
starch rlisintegrates in cold water into a smooth colloidal paste, whereas 
thin-boiling starch immersed in cold water preserves the form of its gran¬ 
ules unchanged, and when dried at temperatures which do not affect the 
granules, preserves its original appearance. 

So, too, it. is usually impossible to subject commercial starch to any 
action of washing or other treatment with water or heat without subject¬ 
ing it to more or less incipient hydrolysis which can be recognizable by 
appropriate physical or chemical tests.- Hence, as already stated, most 
commercial starches show certain evidences of hydrolysis usually incipient, 
it Is true, and dependent on the method of manufacture. At the same 
time there is a clear distinction between what is known in the trade as 
thick-boiling, thin-boiling and soluble starches which is based on the beha- 

* Bloede has patents for making dextrins of special properties by use of metallic 
ealts such as magnesium chloride or aluminum chloride. 

* However, absolutely fresh starch when washed or rerun and quickly dried before 
fermentation change can occur, is made thicker boiling, probably due to the purification. 
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vior of those products under various tests of their properties as applied 
in the industries. 

Oxidized Starches. Beginning with 1894, Siemens and Witt, in 
Germany and England, patented methods for purifying potato starch by 
means of various oxidizing agents, chlorine, ])otassium permanganate and 
the like. It was noted by the patentees that the starch was modified 
so as to be what is now termed “thin-boiling.” Of recent years a numlx^r 
of patents l»avc been taken out for starches, mainly for adhesive and 
sizing purposes, in which chlorine, chloric and |M*rchloric acids, and other 
oxidizers have lx‘en used for modification, alkalies and alkaline earths 
being used to increase the adliesive pro|M*rtios. Perhaps the most impor¬ 
tant of these processes is tliat of Perkins, in whicli cjiss^iva starcfi is modi¬ 
fied with sodium fKToxide and caustic soda. (U. S. P., 1,020,055 (1912) 
Reissue 13,436). This product is sold in the dr>’ form as a peroxide- 
modified starch which is to be pasted with caustic soda and 2 to 3 parts 
of water according to the patented formula. It is used extensively as a 
successful glue substitute, particularly in veneering. 

Gluten. The protein matter known as “gluten,” which forms the 
large.st proportion of the organic material ;is.sociated with starch, is neces- 
Siirily remov’od or destro 3 'od in the process of starch manufacture. By 
the more modem processes the gluten is savetl and fonnerlj* these semi¬ 
liquid gluten deposits were sold to the neighboring farmers for immediate 
feeding to their cuttle. Now, as Inis been already stated, in the manu¬ 
facture of com starch the gluten which is settled out of the liquor com¬ 
ing from the starch runs is filtered in filter-presses, and the cake dried 
and pulverized, making a valuable cattle food especially when mixed 
with the com bran or similar material. 

In wheat-starch manufacture, by the Martin process, the gluten, 
which is obtained in large rubbery miisses, is similar in many of its chem¬ 
ical and physical characteristics to blood albumen, and when properly 
prepared can be used iis a substitute for the latter in calico printing. 
It also has l)cen used in the manufacture of adhesives, as hjis com gluten 
to a limited extent. Gluten foods have also been made from wheat gluten, 
these Ijeing in demand by physicians where non-starchy vegetable foods 
are indicated, but the difficulty has been to obtain the gluten even approx¬ 
imately free from starch as it is impossible to do this by mechanical 
means. Hence, most of these so-called gluten foods have Ixjon far from 
satisfactory when starch-free products are required. The only successful 
method of removing the starch has been by hydrolyzing with malt, at 
comparatively low temperatures and washing, but such products, while 
on the market, arc too expensive for general use. 

Com gluten, as usually produced, is not a palatable food for mankind, 
but if suitable care were taken with this by-product throughout the proc¬ 
ess with a view to this end it would seem as if a valuable **breakfast” 
food might be made. 
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The perishable nature of all gluten, which demands prompt and care¬ 
ful drying to preserve it, and its sensitiveness to only moderately high 
temperature, make it difficult to work up and store. 

Wheat gluten from its close resemblance to albumen has been much 
more developed in its industrial applications, but the supply of this is too 
limited for its extended use. 
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CHAPTER XLIV 


TEXTILES 

J. MERRITT MATTHEWS 

CrmsuUing Chemist to the Textile Industries, San Diego, Calif. 

DefinitioDS. By tlic term “textiles” Ls to be understood a class of 
manufactured articles prepared from “yams” which arc continuous 
threads composed of fibrous materials. These fibrous materials, which 
form the basis of textile manufactures are of various kinds, including 
animal, vegetable, and mineral and artificial products; for example, wool, 
cotton, artificial silk, and asbestos. A fiber is really a filament the length 
of which is comparatively much greater than the diameter, and the latter 
is of almost microscopic proportions. This allows of several fibers being 
twisted together by a process known as spinning, so that a continuous and 
uniform thread is produced. Physically, a textile fiber must possess con¬ 
siderable tensile strength and pliability in order to yield a satisfactory 
thread. In the case of the shorter fibers, such as cotton and wool, the 
surface structure also allows of considerable cohesion between the sep¬ 
arate fibers when twisted together. Where this cohesive property is lack¬ 
ing, as in silk and some of the cruder vegetable fibers, the strength of the 
twisted thread depends on the great length of the individual filaments. 

Origin. The textile fibers may be classified with respect to their 
origin in the following manner: 

Animal Fibers, consisting (a) of the hairy covering of various animals, 
principally of the sheep, goat, cow, tind camel; and (6) of the filaments 
spun by the silk-worm for its cocoon. 

Vegetable Fibers, consisting (a) of the hairy covering of the seed of 
the cotton plant; (6) of the bast or structural part of the stem of certain 
plants, such as flax, ramie, jute, and hemp; (c) of the structural part of 
the leaves of such plants os sisal, agave, and certain palms. 

Mineral Fibers, of which the only representative is asbestos. 

Artificial Fibers, such as artificial silk prepared from solutions of 
cellulose derivatives, spun glass, and certain metals drawn out to fine 
filaments. There arc also metallized yams, consisting of a core of cotton, 
linen, or other fiber, coated with a finely divided metal and a suitable 
agglutinant. 

The great bulk of the textile fibers are comprised under the first two 
classes, of which the most typical representatives to be considered arc: 
wool, silk, cotton, and linen. 
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The Animal Fibers. In their chemical nature these fibers arc essen¬ 
tially proteieJ substances of complex organic structure. The basis of wool 
(and the hair fibers in general) is called keratin, a nitrogenous substance 
containing also sulphur, while that of silk is known as fibroin, which is 
also nitrogenous but docs not contain sulphur. In their physical struc¬ 
ture the hair fibers are verj' complex, being composed of minute cells and 
provided with an external layer or sheath of hard, bonc-like tissue or 
scales. Silk, on the other hand, is a continuous filament without apparent 
organic structure. Owing to the fact, however, that the latter fiber under 
certain conditions does split up into minute fibrillae, and also from ultra- 
microscopic studies, it is supposed that it really possesses an internal 
stnicture, although not of a cell-like character produced by organic growth. 

The Vegetable Fibers. The chemical basis of this entire class of fibers 
is cellulose, and as this contains neither nitrogen nor sulphur, it presents 
a marked chemical difference to the albuminous substance of the animal 
fibers. In their physical structure the vegetable fibers as a class arc 
comparatively simple; in the case of cotton the fiber consists of a single 
elongated cell; with the bast and leaf-tissues the commercial fiber consists 
of a more or less complex aggregate of small cells. Cotton in its natural 
state, consists of almost pure cellulose, and requires but little purification 
for use in manufacturing; the other vegetable fibers, however, are asso¬ 
ciated with a considerable amount of substances other than cellulose and 
require a rather extensive process of purification for the purpose of isolat¬ 
ing the pure cellulose fiber. It is chiefly on this account that cotton 
maintains its foremo.st position as a vegetable fiber. It is readily con¬ 
verted from its natural state into yarns and fabrics. 

Wool. This fiber is the hairy covering (or fleece) of the sheep. It 
is a growth originating in the skin, springing from a root or hair-follicle. 
In its physical structure the fiber consists of three portions: (a) an inner 
laj'or of rounded elliptical cells, called the medulla, and often containing 
pigment matter; (6) a surrounding region of elongated spindle-shaped 
cells, called the cortical layer, which forms the major portion of the fiber; 
and (c) an external coating of flattened, hard, hom-like cells, or epidermal 
scales, arranged in such a manner as to overlap like the scales on a fish. 
This latter peculiarity of structure gives to wool a characteristic micro- . 
scopic appearance whereby it may be readily distinguished from other 
fibers (sec Fig. 406). The character of fiber produced in the fleece varies 
largely with the breed and cultivation of the sheep. The merino sheep 
(now grown principally in Australia) gives a long, fine and wavy fiber, 
much prized for the manufacture of high-class clothing fabrics. The 
majority of the wool grown in America (chiefly known by the name of 
“territory” wool) is of shorter staple and coarser in quality. The arrange¬ 
ment of the epidermal scales also varies considerably with the nature of 
the fiber. With some wools, these scales are prominent and the free edge 
projects considerably, giving the fiber a serrated or saw-toothed appear- 
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ance. Wool of this nature is easily frfud as tho fibers become firmly 
attached to one another by the mterloekitiK of the i)rojecting scales In 
other varieties of wool the external scales lie Hat on the surface with very 
little free ed^e projecting, hence the surface of these filn^rs is smooth and 
does not readily felt together. Anoth(*r important physical property of 
wool IS its waviness. Some wools (especially the fine merinos) are very 
wavy, and tlie waves (or crimps) occur with great regularity throughout 
the entire length of the fiber; other wools arc stiff and straight with little 
or no waviness, or have veiy irregular waves. The wavy structure of the 
fiber enhances its spinning (luaiity, as it allows of a greater coherence 
among the fibers when they are twisted together. A yarn compo.sed of 
such fibers also exhibits greati'r resiliency and sponginess as well as elas¬ 
ticity. Sheep, and in fact, all classes of hair-lx'aring animals, reallv pro¬ 
duce two rather distinct varieties of hair fiber: the one is fine, pliable, 
with the surface scale.s (juite free and ilistinct, and is known as wool-hair; 
the other is coarse, stiff, and the surface scales are fused together and are 
difficult to distingui-sh, giving a fiber known as 
l)card-hair and having a lower value as a textile 
fiber. lireeding, cultivation and other conditions 
may be made to affect the proportion of these two 
classes of fibers in any fleece. Goat-hair, and the 
like, tend riion* to the beard-hair variety than is 
the case with sheep’s wool. The classification of 
the fibers in the fleece, known as wool-.soiii/u/, is an 

Important preliminarj' operation to the manufac- r’ ^ . 

ture of the wool. It consists of dividing the fleece Fiber”*^ 

into several “sorts” having close uniformity' in 

quality and character of fiber. By this means the spinning of a homo¬ 
geneous and uniform yarn is made po.ssible. 

In its chemical propaties woo) is closely allied to gelatin and horn- 
tissue. It probably consists of a number of chemical bodies, as its proxi¬ 
mate chemical composition varies considerably in difTerent samples. Its 
average composition may be taken as follows: 



C'arbon. . 
Hydrogen 
Oxygen . . 
Nitrogen. 
Sulphur. . 


fiO per cent 
7 

26-22 

15-17 

2-4 


From its general chemical reactions tho substance of the wool-fil>or 
has been classified as a proteid to which the name keratin has been given. 
This probably contains both amino and acid radicles in its constitution, 
as it exhibits in a well-defined manner both basic and acid properties. 
The amino-acid existing in wool has received the name lanuginic acid, 
and it may be prepared by dissolving the fiber in barium hydroxide solu- 
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tion, treating with carbon dioxide to precipitate the barium, filtering, and 
adding lead acetate, which precipitates the lead salt of lanuginic acid. 
The free acid itself may be obtained by decomposing the lead salt with 
liydrogen sulphide. Lanuginic acid is soluble in w’ater and yields the 
same reactions with mordants an<l dyestuffs as wool itself. The wool- 
fiber is rather sensitive to the action of high temperatures; if exposed to 
a dr>' heat of over 100* C. the fiber soon becomes discolored, harsh and 
brittle. On this account the drying of woolen materials should be care¬ 
fully conducted to avoid injur>’. Strong solutions of mineral acids destroy 
the wool fiber, though dilute solutions are without injury. Sulphuric acid 
in dilute solution apparently combines in a chemical manner with wool, 
causing the fiber to become more reactive towards many <lyestuffs. Nitric 
acid gives wool a yellow coloration, supposedly due to the formation of 
xanthoproteic acid. Nitrous acid apparently causes a diazotization of 
the amino radicle in w’ool, for when so treated the fiber combines with 
various phenols, with the production of a number of colors. Solutions 
of alkalies (especially the caustic alkalies) react injuriously with the wool 
fiber; with even dilute solutions of sodium hydrate wool is rapidly dis¬ 
solved. This reaction permits of the easy chemical separation of w’ool 
from cotton for analytical purposes. With solutions of metallic salts 
(such as potassium dichromate, alum, ferrous sulphate, etc.) wool reacts 
in apparently a chemical manner, as it combines with the metallic oxide, 
and in this condition is capable of uniting with many dyestuffs. This 
process is termed mordanting, an(.\ the metallic salts employed are known 
as mordants. When wool is treated with solutions of bleaching powder 
a product known as chlorinated wool is produced; the fiber becomes glossy, 
harsh, and loses its felting properties. The combination of wool (as well 
as other textile fibers in general) with various substances, such as metallic 
oxides, acids, dyestuffs, etc., is probably more of a colloidal than a strictly 
chemical phenomenon. The substance of the fiber is of such a nature 
that it is capable of fonning colloidal aggregates with various substances, 
such colloidal aggregates very closely resembling chemical compounds 
in many of their characteristics. 

Scouring of Wool. In its natural state in the fleece, wool is contami¬ 
nated with a number of impurities. These may be classified as follows: 

(a) Wool grease, which occurs in large quantities as an external coating 
on the fiber; it is a natural exoidation of the sheep and serves as a protec¬ 
tion to the fiber, preventing it from becoming felted and mechanically 
injured. It differs from other animal fats in that it does not consist of 
the glycerides of the fatty acids, and is very difficultly saponifiable with 
caustic alkalies. Wool grease possesses more the chemical properties of 
a wax, as it is composed mostly of the higher solid alcohols known as 
cholesterol and isocholesterol both in the free state and as esters with 
the fatty acids. Though insoluble in water and not saponifiable by 
alkalies, cholesterol is easily emulsified, a property on which is based the 
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usual method of wool scourinp. Wool preasc, however, is easily soluble 
IB napjitha and o(1ht volatile solvents. 

(b) Suinf, or dried-up pei^pirution, consistinp krpely of potash salts 
of organic acids, and solnhlo in water. 

(c) Miscellaneous dirt, such as dust, sand, vegetable matters, tar, etc. 

Before the wool fiber can be used in manufacturing processes it must 

first be clean.sed from the adhering impurities. This is accomplished by 
scouring the dirty and greasy wool in a warm soap solution, to which 
more or le.ss soda ash is added. The temperature of scouring should not 
be above M()° F., el.se the fiber will be injured by the action of the alkali 
1 he wool grease is easily emulsified by the alkaline soap solution, whereas 
the suint is dissolved by the water, the other impurities being removed 
by the mechanical action of the water. After scouring in the soap solution 
the wool is thoroughly rinsed in warm water, and finally squeezed and 
dned. Another form of wool scouring, known as the solvent process is 
becoming of gn‘at importance in this countrj'. The greasy wool is treated 
with solvent naphtha in clo.sed kiers, and the re.sulting solution of wool 
grease is transferred to stilLs where the naphtha is recovered and the wool 
grease is obtained as a by-product. The latter may be further purified 
and utilized for the preparation of Uiriolin compounds. The degreased 
wool is nc.xt treated with a diluU- warm soap solution to remove the suint 
and dirt. Thi.s process leaves the fiber in a much better condition and 
the recovered grease is of sufficient value to pay for the cost of scouring. 

Besides the greasy matters existing on the surface of the wool there 
IS apparently a small amount of oil within the fiber proper and forming 
an integral part of its constitution. If this oil is removed the fiber becomes 
harsh and brittle, therefore in scouring of wool either by the soap or the 
solvent method, it is not desirable to carry the operation too far; there 
should l)e about I to 1 per cent of natural oil left in the fiber after scour- 
ing. The nature of this “wool-oil” is still a matter of dispute; some 
claim it is an individual product with special characteristics of its own and 
exists within the structure of the fiber, whereas others claim this so-called 
“oil” is nothing more than the natural wool grease on the fiber and has 
nothing to do with the inner structure or composition of the latter. 

The potash salts existing in wool suint and removed by the scouring 
arc valuable by-products which are capable of recovery. In many Euro¬ 
pean plants these salts, as well as the grease, are recovered and utilized; 
in this country, however, the wash-waters containing the suint arc run to 
waste. The amount of grease and dirt in wool varies greatly with the 
breed and cultivation of the sheep. The finer stapled wools usually con¬ 
tain the largest proportion of grease. The amount of dirt and vegetable 
matter will depend largely on the character of the range on which the 
sheep are grown, a dry sandy soil usually producing a large amount of dust 
in the wool. The amount of loss caused in scouring wool is known as its 
shrinkage, and this amounts to from 40 to 70 per cent on the weight of the 
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raw fleece. In America, as a rule, there is no distinction made between the 
wool grease arul the suint, but the total impurities in the fleece arc known 
under the name ot yolk, as in the usual oinuLsion process of scouring the 
entire impurities are removed in loto in a single operation. 

The recovery of the by-products from waste scouring liquors is grad¬ 
ually bc'ing force<l upon American manufacturei*s as an escape from the 
pollution of streams. Strict laws have been passed in many localities 
which ha^•e TH‘C(‘ssitat(‘(l the wool-scourers to erect suitable treating and 
purifying plants for the removal of the objectionable matters from the 
waste scouring litjuors before such liquors can be emptied into streams. 

The scouring of wool is usually conducted by machinery with the 
object of agitating the fiber in the least possible degree, so as to avoid 
felting. The machines in general use are long tanks arranged in tandem 
order. The greasj' wool is introduced into the first tank by means of a 
traveling apron, and is slow)}' carried through the scouring liquor by 
moving forks until it is caught up by squeeze rolls and passed into the 
second tank, where it is carried forward in the same manner through 
another soap solution; it is finally carried through a third tank contain¬ 
ing fresh warm water for rinsing. The scouring liquor is introduced fresh 
into the second tank and passes thence into the first tank, so as to have 
the clean wool coming from the fresh liquor. In some places the spent 
.scouring liquors are worked up to recover the potash salts by simple 
evaporation and calcination, when from 5 to 10 per cent (on the weight of 
the raw wool) of potash may be obtained. Again, the spent liquors are 
sometimes treated with sulphuric acid, in order to decompose the soaps 
and liberate the fatty matters. The latter, together with the associated 
wool grease, are settled out on the surface of the liquor from which they 
are removed. The excess of water is eliminated by hot-pressing in bags. 
The crude greasy product so obtained is known as Yorkshire grease, and 
has considerable use for dressing leather and as a lubricating grease. 

Mechanical Treatment of Wool in Manufacture. After wool has 
been scoured and dried the next step is to convert it into yarn. In the 
first place, according to the quality of yarn desired, a close selection of 
tlic required grade of wool is made. This is the function of a special 
branch of the industry' known as wool grading and sorting. Wool is first 
graded with reference to the breed of sheep, such as full-blood merino, 
territory, half-blood, etc. This has reference chiefly to the fineness and 
length of staple. The long stapled wools arc suitable for combing and are 
used for the preparation of worsted yams; the shorter stapled varieties 
arc carded and made into woolen yams. In the combing process the 
shorter fibers {noils') are removed from the long ones, leaving the latter 
to form what is called tops, a form of preparation previous to the spinning 
of the yam. As the character and quality of the fiber varies considerably 
at different parts of the same fleece, wool is further graded by sorting the 
fleece into its distinctive portions, such as the loin, back, neck, legs, etc. 
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Usually tho fleece is sorted into nine portions. Tlie grading and sorting 
of the fleece is made previous to scouring. 

In the pr(‘paration of yam the first step is eoinl>ing (for long staples) 
or carding (short staples). This is for tlu* purpose of renio\ing uiulesirable 
matters, such as short fibers, arlhering impurities, etc., and also to lay the 
fiben^ in a parallel direction and bring the into a ribbon-like form so 
as to iK'nnit of tfie sub.<e(iuent spinning operations. These latter proces.«es 
consLst in further p:iral!eling the fibers and rechicing tlie thread to the 
desired size by drawing out and twi.sting. 

Chemical Treatment of Wool in Manufacture. (1) lilrachinq. T'hc 
wool fiber in its nattiral state contains more or less of a yellowish-brown 
pigment. In .some ca.ses this pigment becomes greatly accentualcal and 
the flcc^ce may be tlark brown or even black in color, but these occasional 
“black sheep” are of ratlier rare occurrence. Where it is desirable 
to have a perfectly white fiber either for purposes of dyeing delicate 
tints or for uhite good.s, it becomes neces.sar>' to bleach the wool. There 
are two general methods in use at prestmt for this purpose. In the first, 
sulphurous acid, SO 2 , i.s used as the active bhsaching agent. The well 
scoured and moistened woolen material is placed in a suitable room and 
subjected to the prolonged action of fumes of burning .sulphur, the time 
required for complete bleaching lM*ing from eight to twenty-four hours, 
depending on the nature and texture of the material. The process is 
termed “sloving,” from the so-called stove in which the sulphur is burnt. 
The bleaclnng room must be so construete<l as not to permit of the con- 
den.sed acid liquor dropping on the goods, which would olheiavist* be spotted 
and injured. This proce.ss is known as the “gas” or “drj'” method of 
bleaching. After the bleaching is finished the wool is rinsed in a water 


containing a minute quantity of a blue or bluish-violet coloring matter 
for the purpo.st* of tinting the white so Jis to furni.sh a more pleasing color 
to the eye. A “wet” proce.ss of bleaching may also be employed, (he 
wool being steeped in a dilute solution of sodium bi.sulphite for some hours, 
and then pa.ssed through a bath of dilute sulphuric acid. The bleached 
white obtained on wool with sulphumus acid does not appear to be per¬ 
manent, as prolonged exposure to the air will cause the yellow natuml 
color to return. This has been accounted for by assuming that the sul¬ 
phurous acid merely reduces the natural pigtnent to a colorless compound 
which l.)ecomes rooxidized on ex|)o.sure to the air, resulting in the formation 
again of the original pigment. 


A second process for the bleaching of wool w'hich is coming into con¬ 
siderable favor more especially for fine goods i.s that which employs 
sodium peroxide as the bleaching agent. Hytlrogen peroxide is also 
employed to a considerable extent in bleaching. It is probably somc- 
wliat more expensive to use than sodium peroxide, but does not offer 
the disadvantages of the latter in the preparation of the bleaching liquor, 
which in the case of hydrogen peroxide is also free from sodium sul- 
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phato. Sodium poroxido, Na20i>, when dissolved in water acidulated 
with sulphuric acid, yields a solution of sodium sulphate and hj'drogcn 
peroxide: 

Na..02 + H 2 SO 4 = Na>S04 + H 2 O 2 . 

The hydrogen peroxide in contact with organic substances readily 
decomposes with liberation of nascent oxygen: 

H2O2 = HA) + O, 

and the latter quickly decomposes and destroys the coloring matters 
in wool. In general outline, then, the process of bleaching wool with 
sodium peroxide is to prepare a bleaching liquor as follows: 

100 gals, of pure water; 

5 lbs. 5 ozs. oil of vitriol (168® Tw.); 

4 lbs. of sodium peroxide (98 per cent). 

The acid is mixed with the water first and then the sodium peroxide is 
carefully sifted in. These proportions should leave the bath in a slightly 
acid condition; this is essential, as otherwise caustic soda would be present 
from tlie incomplete neutralization of the sodium peroxide, and small 
traces of tliat alkali in the bath would be vor>' injurious to the fiber. 
Before using the bath for bleaching it is neutralized by the addition of 
the requisite amount of sodium silicate, ammonia, or borax. This is 
necessary because the bleaching effect is much enhanced in a slightly 
alkaline solution. The woolen material (which has previously been 
well scoured) is then entered and manipulated sufficiently to thoroughly 
saturate the fibers, after which the wool is left in the liquor for ten to 
twenty hours when the bleaching should be complete. All the materials 
employed in the preparation of the sodium peroxide bath must be very 
free from iron, othenvisc the bleaching will be imperfect. In preparing 
the bleaching solution from hydrogen peroxide the procedure is much 
more simple. Hydrogen peroxide comes into trade in the form of a 3 per 
cent solution contained in carboys. This solution is simply diluted with 
water so as to furnish a ^ per cent solution of hydrogen peroxide, that 
is to say, 1 gallon of hydrogen peroxide liquor is mixed with 5 gallons of 
water. Then sufficient sodium silicate or ammonia is added to make the 
bath distinctly alkaline in reaction. In some cases a 1 per cent solution of 
hydrogen peroxide is used for bleaching. At the present time solutions of 
hydrogen peroxide are avilable in trade of greater strength than 3 per 
cent; solutions running as high as 30 per cent are now to be met with. 
The bleaching vat should be of wood and all necessary pipes should be of 
lead. The temperature of the bath should be maintained at about 100® 
F. during the entire time of bleaching. The white color obtained by this 
method of bleaching is a permanent one, as the pigment matter in the 
fiber is completely destroyed. It also leaves the fiber free from any delo^ 
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t^rious substance, hence is to be preferred to the sulpliur method, which 
nearly always leaves a residue of sal[)hurous acid (or its compounds), and 
this act^ injuriously on many coloriiiK matters whicli may be used in the 
after-dyeing of the bleached wool, rnfortunately the cost of the peroxide 
method is still too hi"h to permit of its general adoption for all cases of 
wool bleaching. It would seem, however, that the cost of bleaching 
depends primarily on the efficiency with which the active bleaching agent 
is utilized. In the most advanced methods of |)eroxide bleaching the tech¬ 
nique has been .so improved as to utilize more fully the bleaching power 
of the oxygen content of the bath with the result that the cost has been 
materially reduced. 

Wool may also be bleached by treatment with a cold dilute solution 
of potassiimi permanganate. The pigment in the fiber is rapidly destroyed 
by the strong oxidizing action of thi.s chemical, but the resulting decom¬ 
position of the permanganate precipitates a brown hydroxide of man¬ 
ganese on the filxT, hence it is necessiir>' to pass the wool through a second 
bath containing a weak solution of sodium bisulphite which removes 
completely the deposit of manganese compound and leaves the wool per¬ 
fectly white. Oxalic acid will also have the same discharging effect on the 
brown oxide of manganese, and Ls sometimes employed in place of sodium 
bisulphite. This method gives a very' rapid proce.ss for bleaching, but it is 
rather costly. \\'ooI, however, which has been bleached with sulphurous 
acid, is often treated with a very' dilute solution of pota.ssium perman¬ 
ganate, to insure the complete removal of all residual sulphurous acid 
compounds from the fiber. W'ool may be bleached in almost any stage 
of its manufacture; as loose stock, tops, yarn, or cloth. 

Carbonizing. Woolen material is often contaminated with small 
quantities of vegetable fiber, and as the latter does not become dyed in the 
same manner as the wool, it shows itself in the form of specks. To purify 
the cloth (or other fonn of maniifacturorl wool) from these specks, the 
vegetable fiber is destroyed by treatment with a dilute solution of sul¬ 
phuric acid (fi® Tw.) and subsequently drying at 180 to 190® F. This 
“carbonizes” the vegetable matter, or reduces it to a brittle friable sub¬ 
stance, which is easily removed by beating and washing the woolen mate¬ 
rial. Dilute solutions of aluminum chloride (10 to 12® Tw.) may also be 
used for the same purpose, as on drying this salt is decomposed with 
liberation of hydrochloric acid. The latter method is used chiefly where 
dyed materials arc to be treated, as the colors are less affected than when 
sulphuric acid is employed. Carbonizing is also carried out by the use of 
hydrochloric acid gas, the goods being treated with the hot gas in specially 
constructed chambers. This is known as the “dry” process in distinction 
to the others which are “wet.” The process of carbonizing is also largely 
employed for the purpose of recovering the pure wool fiber from rags 
containing mixtures of wool and cotton yams. The resulting product is 
known as shoddy or mungo and has a large use in the woolen industry. 
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Crabbing. Tliis is a process for removing the crinkle or curl from 
(“loth or yain caused by the uneven slirinkage or curl of the fiber. It 
depends on the fact tliat when the wool fiber is subjected to a moist heat 
it beconu's plastic and can easily be straiglitened out by stretching. If 
the fiber is then cooled in the stretched condition it will preserve its straiglit 
form permanently. Tightly twisted worst(‘d yarns are very liable to 
curl up. d'his may be remedied by treating the stretched yarn with 
steam or boiling water, and them allowing to cool while still in the stretched 
condition. Cloth containing tiglitly twisted-in curled yarns or contain¬ 
ing a mixture of woolen and cotton yarns will crinkle up or pucker owing 
to uneven contraction of the yarns in finishing. This may be removed 
by passing tlie stretclu'd cloth alternately through boiling water and cold 
water, or better yet by tightly winding the cloth on a perforated cylinder 
and blowing steam through it, then subsequently cooling. The crabbing 
process in the case of clotli is also known as dccatizing, and is extensively 
used for the production of a high-lu.ster finish on such fabrics as broad¬ 
cloth, etc. 

Fulling. This process is also known as “milling.” It is a felting 
action produced on the wool fibers in a fabric by the combined action of 
soap and friction. The projecting scab's on the individual fibers become 
interlocked and the fibers themselves become immeshed togc'ther and the 
adjacent surfaces more or less agglutinated so that the fibers firmly adhere 
tog(“ther. This action causes the cloth to shrink considerablj' and at the 
same lime become more continuous and homogeneous in its structure. 
If the operation of fulling is carried on to its full extent a fell is made of 
the cloth. Acid solutions, and even boiling water, combined with friction 
will also produce fulling. In this manner hat felts are produced. 

The Minor Animal Fibers. In addition to wool there arc also a num¬ 
ber of other animal hair fibers employed to a limited extent in the manu¬ 
facture of textiles. The woolly fibers of different species of goats arc 
utilized in much the same manner as wool itself. Mohair is obtained 
from the Angora goat. The fiber is long, fine, smooth and highly lustrous. 
It is largely used for the manufacture of plushes, braids, and linings. 
Cashmcrcj alpaca, and llama are also fibers from species of goat-s. All of 
these animal hair fibers are similar in chemical composition to wool; 
their physical structure is also very similar. 

Silk. Though silk is also an animal fiber ana somewhat similar to 
wool in its general chemical properties, it differs very widely from that 
fiber in its physical structure and properties. The silk fiber is a fine con¬ 
tinuous filament spung by the silkw'orm in the preparation of its cocoon. 
The fiber as spun by the caterpillar consists of two filaments composed 
of a protcoid substance called ^hroi'a and surrounded and cemented together 
by a glue-like substance known as sericin or silk-gum. The silkworms are 
cultivated principally in China, Japan, Italy, and southern France. Their 
chief food consists of the leaves of the mulberry tree, hence the cater- 
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pillnr is known as tho inulborr>' pilkwonn. or Bomhyx mori. Tlio cocoons 
arc irregularly ovoid in shape and tlie length of the fiber in them varies 
from 350 to 1200 meters, while its average diameter is 0.018 mm. The 
silk fiber as used in manufacturing is prepared liy r<,liiiy from tlie cocoons. 
When the cocoons have been completed by the sdkworm they are col¬ 
lected and heated in an oven to a temperatun* of 00° to 70° for tlie 
purpose of killing the pupa within. Or, the cocoons may be steamed for 
a few minutes, which seiwes the same purpose. Tlie cocoon.s are then 
sorted for size, color, damage, etc., so as to obtain a uniform product. 
They are then placed in a basin of warm water, which softens the envelop¬ 
ing silk-glue and permit.s of the unwinding of the cocoon thread. The 
fibers from several cocoons are brought tog<'ther and p.assed over a suit¬ 
able reel where they are slightly twisted together to form a thread of suffi¬ 
cient siz(* for weaving. 'Ihe adhering silk-glu(‘ becomes hardened again, 
.so that the thread presents a uniform appearance. This silk is rccle<i into 
.skeins of convenient size and comes into tra<le as ran' .silk. Owing to the 
presence of the .silk-glue it is stiff and wir>' and tran.slucent in appearance. 
Some varieties are of a creamy white color, while others are quit-e yellow. 
'I'his yellow color, howev(‘r, exishs only in tin* silk-glue and is removetl 
along with the latter. Orgnnzinc silk is prepared from the highe.st grade 
of cocoons, and by reason of its superior strength it is employed for warps. 
7'ram silk is weaker and is used for filling. In the reeling of silk a large 
amount of waste is produce<l. This i.s scoured in a st>lution of soap and 
s(jda in order to remove the silk-glue, and tlu* residual fiber is then cjirded 
and combed and is use<l for the preparation of spun silk. 

An inferior gra<le of waste silk from imperfect and damaged cocoons is 
known as silk noils. This is used for making low-grade coarse .silk yarns, 
for blankets, rugs, etc. 

Silk Throwing. Raw .silk i.s “in the gum” and each thread usually 
con.sists of the filaments from five cocoon.s. Before manufacture it Ls 
neccs.siirj' to make up the silk into threads of diffenuit sizes and qualities 
n.s called for by the requirements of different fabrics. The conversion of 
the raw silk into other threads is known as “throwing” and the operator 
is a “throwster.” It is a mechanical operation couplet) first with a “soak¬ 
ing” in a suitable oil or soap emulsion to soften up (but without dissolv¬ 
ing) the silk-glue. I'he silk strands fonn several skeins of raw silk which 
are then brought together and reeled with more or less twist into a new 
single thre.ad. The silk-glue subsequently hardens again, giving a uniform 
thread. About 3 to 5 per cent of oil and soap is ab.sorbed by the thrown 
silk from the soaking bath, consequently the thrown silk will show a “boil- 
off loss” that is much higher than the raw silk. 


Boiling-off of Silk. The reeled silk as it appears in trade consists of 
75 to 82 per cent of fibroin or fiber proper and 18 to 25 per cent of sericin 
or silk-glue. For purpo.s(?8 of manufacture it is necessary to remove more 
or less of the silk-glue. For this purpose the skeins of raw silk are treated 
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noar the boil in a strong solution of soap (about 1 lb. per gallon). The 
soup must be of the best quality and free from uncombined alkali as the 
quality of the silk Is greatly (leteriorated by the presence of even a trace 
of the latter substance. \\’hen all of the silk-glue is to be removed it will 
be necessarj' to boil the silk for several hours in two or more soap solu¬ 
tions. It is best to maintain the temperature just under the boiling-point 
to {prevent the tangling of the fine silk fibers. The soap solutions are used 

^ f r t li(^ boiling-out of several batches of silk until they 
become heavily charged with dissolved silk-glue. The spent soap solution 
is known as hoiUii-off liquor and is largely used in the preparation of the 
dye-bath for silk. Haw silk will shrink about 20 per cent in weight when 
boiled-off and thrown silk about 25 per cent. More frequently it is not 
desirable to remove all of the silk-glue, but only sufficient to allow of the 
fiber being siibsequentlj' dyed, bleached, or otherwise processed. When 
10 to 15 per cent in weight is lost by scouring, the process is terme<I soup- 
hug. \\'hen t he boiling-off removes only 2 to 5 per cent in weight the prod¬ 
uct is known as ecru silk. 

The Chemical Nature and Properties of Silk. Though silk is some¬ 
what similar to wool in its general chemical properties it tliffers from that 
fiber in that it does not contain any sulphur in its composition. Silk 
is readily attacked by alkalies, especially in hot solutions, though it is 
more resistant in this repect than wool. The caustic alkalies slowly dis¬ 
solve the silk fiber on boiling, whereas the alkaline carbonates are much 
less destructive, but even these reagents slowly attack the fiber. Con¬ 
centrated hydrochloric acid rapidly dissolv'es silk even when cold. Dilute 
mineral acids are absorbed by the fiber in the same manner as with wool, 
and may be employed in the dyeing of silk. Dilute solutions of nitric 
acid arc employed for the bleaching of silk. The effect of dilute acid 
solutions on silk, especially when dried into the fiber, is to increase some¬ 
what the luster and to give the silk what is called scroop —that is, it pro¬ 
duces a cracking rustling sound when nibbed or compressed. This 
property is best imparted by steeping the silk in a bath of dilute acetic, 
tartaric, or formic acid, squeezing and drying without washing. Hard 
water (containing lime) should be avoided when dyeing or bleaching silk, 
as it affects the luster of the fiber, and makes it brittle. Chlorine, and 
oxidizing agents in general, rapidly destroy the silk fiber, except when 
employed in very dilute solutions. Silk is capable of absorbing metallic 
salts from solutions and fixing the oxide of the metal in the fiber. On this 
action is based the process of mordanting and weighting silk. Tannic 
acid is also absorbed by the fiber in large proportions. For purposes of 
mordanting, silk is steeped successively in baths containing tannic acid 
(cutch, myrabolams, etc.) and an iron salt (such as pyrolignite of iron or 
nitrite of iron,” which is really a ferric sulphate). By repeating these 
treatments a number of times the silk may be weighted to a considerable 
extent, frequently as much as 100 per cent. This method of weighting is 
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principally used as a preparation for the black dyeinp of silk. Where 
colors are to he dyed, tfie silk is usually weighted witli tin s:jlts, the fiber 
being treated with successive baths of stannic chloride, sodium phosphate, 
and sodium silicate. A high degree of weightitig can also be obtained in 
this manner. 

The pro.ximate composition of the fibroin of silk is as follows: 

Carbon. 48.3 per cent 

Hydrogen. 6.5 

Oxygen. 26 0 

Nitrogen. 19.2 

100.0 


The.'^e figures refer to the purified fibroin free from all .silk-glue or other 
contaminating substances. As different siunples ()f silk give slightly dif¬ 
ferent results on analysis, it is probable that the silk fiber is a cotnpositc 
substance and not an indivhlual chemical bo<ly. The sericin, or silk- 
glue, has the following composition: 

Carbon. 48 8 per cent 

Hydrogen. 6.2 

O.xygen. 26.0 

Nitrogen. 19.0 


100 0 


'riius it will be seen that the sericin is verj' close to the filiroin in its chem¬ 


ical composition. The former, however, is slowly soluble in wann water 


and n^adily soluble in soap and alkaline solu¬ 
tions, when'as the fibroin is not. 

Physical Properties of Silk. When cxamine<l 
iiiuler the microscojx,* the niw silk fil>er is found 
to consist of two more or Ic.ss parallel filaments 
rather firndy cemented together by an envelope 
of silk-glue. Duo to the process of reeling from 
the cocoon, irregular slirods and lumps of silk- 
glue; will also be noticed adhering to the fibers 
(sec Tig. 407). This micro.scopic appearance of 
silk is quite characteristic, and serves to distin¬ 
guish it from other fibers. No indication of 
internal structure can be noticed in the case of 



Fio. 107.—Silk Filler. 


Cocoon threads showing 
double filnmcDts and ad¬ 
hering silk-glue. 


the purified fil>cr; it merely resembles a tninslucont glass rod, smooth 
and regularly cylindrical. 

As already noted, raw silk is harsh and wir>' in handle and rather 
lustcrlcss in appearance. This is due to the envelope of silk-glue sur¬ 
rounding the fiber. When this is removed the fiber proixT appears as a 
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white, soft, and highly lustrous fiber. It possesses a remarkably high 
tensile strength and great elasticity. Silk is also a good nonconductor 
of heat and electricity. 

Wild Silks. Besides the ordinary’- variety of cultivated or mulberry 
silkworm, there are a number of other silkworms which grow wild, yet 
furnish cocoons which yield a considerable amount of commercial silk. 
This fiber is generally known under the name of tiissay or tussur silk. It 
is f)f a brownish color, and is harsher and coarser than mulberry silk. 
It is also much liarder to boil off and to bleach and dye. It is largely 
used for the manufacture of plush fabrics, imitation sealskin, etc., and 
also for a dress material known as “pongee” or tussur silk. Wild silk 
can readilj’’ be distinguislied under the microscope, as the fibers are broad, 
and the cross-section is flat and triangular. Longitudinal striations are 
also very distinct, as well as peculiar oblique cross-markings caused by 
the overlapping of the fibers on one another in the cocoon before the fibroin 
has become hardened. 

Bleaching of Silk. For most purposes silk is sufficiently white without 
bleaching, but where very delicate tints arc to be dyed or where a very 
pure white fabric is desired, it is necessary to bleach out the slight tint of 
yellow to be noticed in natural silk. Silk may be bleached in much the 
same manner as wool, using cither the sulphurous acid or the sodium 
peroxide process. The latter method is to be preferred in the case of silk, 
as it furnishes a nicer product, and the bleach is not liable to become 
yellow again on exposure. The extra cost of this process is not a draw¬ 
back when employed for silk as when used for wool, as the comparative 
value of the fiber itself is far greater. Raw silk in the gum was formerly 
also bleached by treatment with dilute cold solutions of aqua regia, but as 
this process was very liable to cause injury to the fiber unless very skill¬ 
fully conducted it is not now employed to any extent. 

Cotton. T’hc cotton fiber consists of the hairy covering of the seeds 
of the cotton plant, or gossypium. There are a large number of species 
and varieties of the cotton plant, the principal of which are the following: 

Gossypium barbadense, producing silky and long-stapled fibers, the 
principal representatives of which are the Sea-Island cotton of the Southern 
Gulf States, Egyptian cotton, and Peruvian. 

Gossypiinn hirsulurny which includes most of the cotton grown in the 
United States and forms the great bulk of the cotton used in trade. It is 
known as upland, peeler, or simply American cotton. 

Gossypium herbaceum, includes the majority of the cotton grown in 
India and China, as well as the small amount which is grown in Italy. 
The fiber is very short and inferior to that of the two preceding varieties. 

Gossypium arboi'eum, comprises most of the cotton in Asia Minor. 
This variety grows to the dimensions of a tree in contradistinction to the 
other varieties which are all shrubs. The fiber is of poor quality, being 
short and coarse and of a greenish color. 
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The seed hairs of cotton are developed in a boll as the fruit of the plant 
ripens, and when maturity is reached the boll bursts open, liberating a 
huffy white mass of fibers. These filx'rs are firmly attached to the surface 
of the seed, and after the cotton is picked from the plant the fiber must l>e 
detached and separated from the seed by a process known as ginning. 
The ginned fiber is then baled and distributed to the spinning mills. The 
seed whicli is left now forms a valuable by-product of the industrJ^ It 
is first subjected to a second process of ginning for the purpose of removing 
the short undergrowth of fibers known as neps or linters, and these are 
used in the manufacture of wadding and cotton batting and also for the 
preparation of pyroxylin and guncotton. The cleanetl seeds arc then 
hulled, and from the sej>arated meal the oil is extracted by cold and 
hot pressing and steaming. The cottonseed oil so obtained is a ver>' 
valuable product, the finer qualities being used for salad oils and other 
culinarj' purposes, while the lower grades are extensively used for soap¬ 
making. The residual meal is used as a cattle-food, and other residues 
find u.se as fertilizers. 

Before being utilized by the .spinner, cotton is graded with respect to 
length and fineness of staple, color, cleanliness, and other (jualities. The 
value of the fiber is determined by this classification, the basis being what 
is known a.s “middling” cotton, the various grades going uj) and do\\'n 
from this standard. 

Physical Properties of Cotton. The cotton fiber consists of a single 
cell, narrow and elongated, with one end fastened to the seed and the 
other tapering to a point. During its growth it is tubular, being cylin¬ 
drical in shape with comparatively thin cell-walls and an inner canal or 
lumen. When the fiber ripens, the sap in the inner canal is absorbed, 
the cell-walls collap.se, leaving a flat ribbon-like fiber with thickened 
edges. By the unc(|ual drying of the fiber it becomes twistetl spirally 
on its axis. The.se spiral twists give to cotton its good spinning qualities, 
for when twi.ste<l together the filn^rs cohere to one another to give a strong 
thread. The different varieties of cotton exhibit considerable variation 
in length and fineness of staple. Sea-Island cotton has an average length 
of about 1.6 ins. and a breadth of 0.000G5 in. Ordinarj' American cotton 
varies from 1.5 to 0.75 in. in length and has a breadth of al)out 0.00075 in. 
Egyptian cotton has a staple slightly shorter than Sea-Island, and of about 
the same fineness. The South-Arnerican and Indian cottons arc com¬ 
paratively short and coarse, averaging about 1 in. in length and 0.00085 in. 
in breadth. The physical character of the fiber in any lot of cotton is very 
variable, hence in manufacturing it is neccssiiry to separate the short 
fibers from the long by a process of combing or carding, the longer fibers 
being used for the better grade of yams and the shorter fibers for the 
coarser yams. The degree of ripeness of the fiber also determines its gen¬ 
eral character; unripe fibers have a very attenuated cell-wall and con¬ 
sequently are weak and brittle. The mature fiber has a thicker wall and 
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a mucli greater strength. Sea-Island, American, and Indian cottons 
contain very little natural pigment, being quite white in appearance; the 
chief varieties of ICgj-ptian cottons, however, are rather highly tinged 
with a brownish color which is quite distinctive. The microscopic appear¬ 
ance of cotton is quite characteristic and serves 
to distinguish it readily from other fibei-s either of 
animal or vegetable origin (see Fig. 40S). The 
flat, twisted, ribbon-like appearance is very notice¬ 
able. 

Chemical Properties of Cotton. In common 
with all other vegetable fibers, cotton is composed 
essentially of cclluiosc; in fact, the purified fiber 
may be considered as almost chemically pure cellu¬ 
lose. In its natural condition, however, there is 
associated with the cellulose a small amount of 
waxy and oily matter, which evidently acts as a protective layer on the 
surface of the fiber. The compo.sition of the natural fiber is about as 


follows: 

Cellulose (Ci.HmO.'-,). 01.00 

Waxy and fatty matters. O.rjO-0,40 

Nitrogenous matter. 0.70- 0.50 

Moisture. 7.00 7.50 

Ash (mineral matter). 0.80-1.20 


The presence of the waxy coating on the raw fiber causes it to be water- 
repellent, hence difficult to impregnate with solutions. On this account, 
cotton material must be boiled out for dyeing or bleaching; that is to say, 
the wax must be removed by boiling in a dilute solution of caustic soda, 
soda ash, soap, or other alkaline substance. Certain oils, such as Turkey- 
red oil (sulphonated castor oil) also have the property of rapidly removing 
the cotton-wax. The presence of this wax, however, aids considerably 
in the spinning of cotton as it makes the fiber more plastic and coherent. 
On this account dyed and bleached cotton docs not spin as satisfactorily 
as raw cotton. In its general chemical reactions cotton behaves in the 
same manner as ordinary cellulose. The fiber becomes rapidly disinte¬ 
grated by the action of mineral acids, even in comparatively dilute solu¬ 
tions, and this is especially true when any of the acid liquor is allowed 
to dry into the fiber. Hence, in all operations of dyeing, bleaching, etc., 
where cotton may come into contact with acid solutions, it is very neces¬ 
sary to thoroughly remove the acid by continued washing or to neutralize 
it by a treatment with an alkaline solution. The organic acids which 
are volatile (such as acetic and formic) do not have much effect on cotton, 
and in consequence are generally employed in operations where the use 
of an acid is required for this fiber. The non-volatile organic acids (such 
as tartaric and oxalic) when allowed to dry and crystallize in the fiber 



Fiq. 408.—The Cotton 
Fiber. 
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affoct it injuriously. Concentrated sulphuric acid converts cotton into a 
product known as amyloid or vojretal)le parchment. A modern method 
of partially parchmentizin" cotton cloth to give it the appearance of linen 
and a permaiienlly stiff finish that will withstand considerable laundering, 
in based on treating the fiber for a brief time with concentrated sulphuric 
acid, and then immediately washing out the acid. Concentrated nitric 
acid reacts with cotton to fonn a series of nitrated celluloses known as 
pyroxylins, which are utilized for a variety of commercial purpose.s. Among 
these derivatives may be mentioned guncotton, which forms the basis of 
numerous high cxplo.'^ives; collodion, which is a solution of pyroxylin in 
a mixture of ether and alcohol, and wliich is extensivelj’ used in surgery 
and photography as well as for the production of artificial silk filaments; 
celluloid, obtained by di.^solving nitrated cellulose in molten camphor. 
The decomposition product of cotton with dilute mineral acids is known 
as hydrocdlulosc or oxycdlulosc; the acid evidently produces a hydration 
of the cellulo.'ie molecule with a consefjuent breaking tlown of its organic 
structure. Tannic acid reacts in a special manner with cotton; solution.^ 
of this acid do not produce a weakening effect on the fiber, though the acid 
is absorbed by the cellulose apparently with some degree of chemical 
combination. This reaction is the basis of mor<lanting cotton for the 
dyeing of basic colors. Tungstic acid exhibit-s a similar reactivity toward 
cotton. 

Dilute solutions of alkalie.s, under ordinar>' conditions, have no harm¬ 
ful effect on cotton even at a boiling temperature, consequently such solu¬ 
tions arc universally employed for the cleansing or scouring of cotton and 
cotton goods in general. A concentrated solution (40 to GO® Tw.) of caustic 
soda has a remarkable effect on cotton. The cellulose apparently com¬ 
bines with the alkali, the fiber swells up, losing its flat ribbon-like appear¬ 
ance to become tubular and semi-transparent. This process is the basis 
of the modem method of merarizing. The product of combination between 
cotton and caustic soda i.s known as alkali^dlulosc; it is easily decomposed 
by treatment witli water, giving a product known as hydrated cellulose, 
which is the final form of mercerized cotton. Alkali-cellulose is soluble 
in carbon disulphide, forming a thick viscous solution of cellulose xanthatc 
known as viscose. This latter substance has various industrial applications, 
such as the preparation of artificial silk, paper sizing, transparent films, 
etc. Cotton is unlike wool in its reactivity toward solutions of metallic 
Kilts; whereas the latter readily absorbs and combines with various 
metallic salts, cotton is especially inert in this respect. On this account 
cotton cannot be mordanted in the same manner as wool. With oxidiz¬ 
ing agents such as chlorine potassium permanganate, and chromic acid, 
cotton is readily converted into oxycellulose, a brittle friable substance. 
On this account care must be exercised in the bleaching of cotton with 
chloride of lime to prevent the too vigorous action of chlorine on the fiber. 
Cotton can withstand a much higher temperature than wool without 
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(locoinposition, tiiouph when subjected to a heal of over 1G0° C. tlie fil>er 
suffers structural decomposition. 

Bleaching of Cotton. On account of. the nature and the small amount 
of impurities present in the raw fiber, cotton does not require a previous 
scouring operation to fit it for manufacturing processes. Previous to 
dyeing, however, cotton must be scoured or “wet-out" for the purpose 
of r(‘moving the waxy coating so tliat the fiber may be able to easily absorb 
the dye solutions. Tins is accomplished by boiling the material in a 
weak solution of caustic j^oda. soda ash, soap, or Turkey-red oil. The use 
of enzymic bodies like diastase is also recommentled for this purpose iis 
ihe.xe H'adily solubilize the pectin and waxy matters on the fiber. When 
cotton is to be bleached, not only the waxy coating must be removed to 

permit of wetting-out, but as far as 
possible all of the imj>urities on the fiber 
must be removed. I'his process is 
termed “boiling-out," which is usually 
accomplished in the circulating kier, 
Fig. 40Sa. Cotton may be bleached in 
any form of its manufacture. It is 
occasionally bleached in the loose state 
before spinning, in which case special 
machines are employed which allow of 
the bleaching liquors being circulated 
through the cotton without motion of 
the fibers, so as to avoid matting and 
injun,'to the latter. Instead of boiling- 
out with alkalies, cold water is circulated 
through the cotton under pressure, 
which has the effect of removing the 
majority of impurities on the fiber with- 
Fio. 40Sa.—Ciroul.itinc Kicr for Boiling- out materially dissolving the cotton- 
out of Cotton. Jefferson Tj'pe. Wax. Cold bleaching liquors, wash 

waters, acid solutions, etc., are then 
circulated in the same manner. The result is a bleached cotton which still 



retains considerable wax, so the spinning qualities of the fiber are not mate¬ 
rially injured. If loose cotton is thoroughly boiled-out and bleached in 
the usual manner, the fiber will be harsh and will not spin well. Cotton 
waste and linters are also bleached largely in the loose state for the prepara¬ 
tion of absorbent cotton. In this case, as it is not necessary to retain the 
spinning qualities but to make the filter as pure and absorbent as pos¬ 
sible, a very thorough boiling-out with caustic soda is given before the 
bleaching. 

Cotton yam is very extensively bleached, both for white goods and 
as a preparation for the dyeing of delicate shades. The yam in the form 
of skeins is usually bundled together and systematically packed into a 
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closed iron kier. The latter is so constructed as to permit of the circula¬ 
tion of a boiling alkaline solution under pressure (5 to 10 lbs.) through 
the yarn. The boiling-out solution usually consists of a mixture of caustic 
soda and soda asli. Sometimes so-calle<l ‘bleaching assistants" are used; 
these mostly consist of soda ash mixed with a small amount of caustic 
soda and sodium silicate. For some classes of goods, esp«*cially tho.se 
containing dyed colors, instead of boiling-out. a treatment with a wann 
solution of malt extract is given which dissolves the starchy and pcctinous 
matters. For the proper boiling-out of the yarn it Is essential that 
the liquor be circulated evenly and thoroughly through the goods. The 
amount of alkali employed is about 2 to 3 pcT cent on the weight of the 
yam, and the time of boiling varies from one and one-half to eight liours, 
depending on the kier employe<l and the pressure. Over-boiling by the 
use of too much alkali or too prolonged a treatment will render the yarn 
harsh and brittle and also cause yellow stains. The presence of air in 
contact with the Buperheated yam 
in the kier will also cause oxidation, 
resulting in weak places and stains. 

After the yarn has been boiled out it 
is wa.shcd with fresh water, usuallj' in 
the same kier, and then worked in a 
cold dilute solution of chloride of 
lime (bleaching powder or chernic) at 
to 2® Tw., ora solution of sodium 



hypochlorite prepared by dissolving 
chlorine gas in soda ash, or caustic 


Fio. 409.—Machine for Bleaching Cotton 

Skein Yarns. 


soda solution may be used. This 


hypochlorito or cheinic liquor may also ho. prepared by the interaction of 
bleaching powder jind soda ash solutions or by the electrolysis of a common 
salt solution in a suitable electric cell. For purposes of bleaching the yarn 


is cither hung on sticks and steeped in the cheniic solution in ordinary 
dye-house vats, or better yet it is placed in a machine (Fig. 409) where it 
may be automatically w'orked in the solution. The treatment with the 
bleaching liquor usually lasts from three-quarters to one hour. Tlie yam 
is then rinsed in fresh water and next soured by treatment with a cold 


solution of sulphuric acid at about 1® Tw.; hydrochloric acid may also be 
used. The acid treatment is for the purpose of decomposing the lime 


compounds retained by the fiber. Where sulphuric acid is used calcium 
sulplmte is formed, which is easily removed in the subsequent washing. 
Hypochlorous acid and free chlorine are also liberated in the fiber which 
furthers the first bleaching action of the chloride of lime solution. This 
is evidenced by the fact that the cotton l)ccomes much whiter in appear¬ 
ance when treated with the acid; also the presence of chlorine is to be 


noted from its pungent odor. When hydrochloric acid is used for the sour¬ 
ing, the very soluble calcium chloride is formed which is very easily re- 



12-18 


INDUSriUAL CIlEMlSTia 


niovod from the cotton t)y wastiirig; otherwise' tlie action of the acid is tlic 
same. After the acid treatment, it is necessary to pve the cotton a very 
thorough wa.shing to remove as complctelj’ as possible the residual acid 
liejiior and tlie iiim^ compounds from the fiber. If this is not done the yarn 
will be harsh and tender after tlrying. Tlie washing should be continued 
until the yarn shows no indication of acid when tested with blue litmus 


paper. Finally the yarn is treated in a dilute lukewarm solution of soap 
or other suitable finishing compound, and if a bluish tone of white is 
desirable a suitable blusih-violet coloring matter is added for tinting pur¬ 
poses. The bleaching process with chloride of lime is an oxidation process; 
the chlorine itself, which is the active constituent of the bleaching powder, 
does not directly destroy the coloring-matter in the fiber. In the presence 
of water, however, the chlorine liberated in a nascent condition from the 


chloride of lime reacts with the formation of oxygen, and it is the latter 
which acts on the coloring matter. 


Skein yarn may also be bleached by being linked together in the fonn 
of a long chain and run continuous!}' through machines provided with 
squeeze rollers. Yarn in the form of prepared warps may also be bleached 
in a similar manner. There are also special machines for the bleaching 
of cotton slabbing and yarn in the form of cops and tubes, the yarn or 
slabbing being wound on perforated tubes and so arranged on the machine 
that the bleaching liquors arc forced through the cotton either by means 
of vacuum suction or pumps. 

Cloth bleaching is the principal method, however, for the bleaching 
of cotton. There are several methods of carrying out this form of bleach- 
ing, depending on the ultimate use to which the goods are to be put. When 
the cloth is destined to be sold as white muslin the process is known as 
the market bleach; when the cloth is subsequently to be dyed with alizarin 
colors (especially red), a so-called Turkey^red or bottom bleach is given; 
whereas cloth intended for printing is given the madder bleach. These 
names are quite old in their application and arc falling into disuse as 
characteristic terms. In bleaching for white goods for the market it is 
desirable to obtain a clear white color with a bluish tint, and the appear¬ 
ance of the goods also depends to a considerable degree on the finishing 
processes given the cloth after bleaching. The Turkey-red bleach is only 
for the purpose of providing a white bottom for dyed colors so that the 
latter will appear bright and clear. The bleaching required of print cloth 
is by far the most complete and thorough, as it is necessary to remove all 
impurities from the goods so as to leave the cotton not only white in color 
but also in the form of chemically pure cellulose so that the printing colors 
may be properly applied. A general outline of the various processes in 
this method of bleaching is as follows: 

Marking. The cotton pieces as they come from the loom are stitched 
together and marked with a special ink capable of resisting the bleaching 
operations so they may be subsequently identified. 
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Singeing. Tho cloth is passed rapi<lly through a series of gas jets so 
as to burn otT the loose and lint from the surface. The singeing 

may be done on one side only or on both sides a.s requinal. Instead of 
being passed through gas jets the cloth may be passed over curved copper 
plates heated to redness, or over a heated n-volving copper roller. Singed 
cloth gives a clear even surface so that fine and delicate patterns may be 
sharply and clearly printed. 

Gray Wa.'ih. This is a preliminarj' wetting-out in water and ha.s for 
its purpose the removal of much of the external dirt as well as the soften¬ 
ing anti removal of much of the sizing used on the warp yarns in weaving 
the cloth. The op(>ration is frequently omitted. 

Boiling-out. This is a similar operation to the boiling-out of cotton 
yarn. It is usually conducted in large clos<*d Iron kiers, Fig. 40Sa, provided 
with a .suitable mechanism for the circulation of the liquor through the 
goods. The boiling is u.sually comlucted umler pressure (from 10 to SO 
Ib.s.) for from six to eight hours. It was formerly the cmstoni to give a first 
boiling with milk of lime (lime boil). The goods wen* passed through a 
solution of milk of lime and without squc*ezing were packed into the kier; 
sufficient water was next introduced and the kier boiled with superheated 
steam. The lime boil was con.siderc'd necesswii*}' to decompose the fatty 
matters in the cotton with the formation of a lime soap, and also to convert 
the starch (or other dre.ssing materials on the cloth) into a soluble form. 
Of lute years, however, the lime boil is being dispensed with as a preliminary 
operation, and the boiling-out Ls done in one operation with caustic soda. 
When the lime Ixiil is u.s<*d it is neces-siiry to give a thorough washing to 
the goods and then to pa.ss them through a weak bath of sulphuric acid 
(1® Tw.) known us the gray sour. This is for the purpose of dissolving out 
the lime compound in the fiber as well as any iron stains which may 
have formed in the kier. After the acitl treatment another thorough 
washing process is required. After the gray sour the goods are given a 
second boiling in the kier with caustic soda; generally mixtures of caustic 
soda, soda ash, and rosin soap are employed, an<l from two to three boilings 
are given. These boilings remove all of the waxy and fatty matters 
and most of the pectin compounds in the fiber. The use of rosin was once 
considcrexl assential to the perfect scouring of cotton for purposes of 
print-cloth. At the present time, however, the tendency is to omit the 
rosin boil; in fact, the boiling-out is reduced to the single operation of 
treating in tlie kier with caustic soda solution. 

Washing. After the boiling-out, in whatever manner it may be con¬ 
ducted, the goods are very thoroughly washed in order to remove as far 
as possible all of the decomposed impurities and residual alkali. Tho 
washing is conducted in special forms of washing machines and w'cll 
flushed with fresh water. 

Chemicking. This is the general term give to the treatment with 
the solution of bleaching powder or sodium hypochlorite. The strength 
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of tho solution employed is usually T’ to 2® Tw., and the liquor should 
be clear and free from undissolved particles or sediment. The damp cloth 
is saturated with this chemic solution, passed through squeeze rolls, and 
then piled up and left exposed to the air for some hours. This allows the 
carbonic acid of the air to react with the bleach liquor with the formation 
of free hypochloroiis acid, which destroys the coloring matter present 
through its strong oxidizing action. Care must be had not to allow the 
oxi<lizing action to proceed too far or the cotton fiber itself will be attacked 
and weakened by the formation of o.xj'cellulose. In some methods of 
bleaching, insteatl of exposing the cloth to the action of the air, it is steeped 
in the solution of bleaching powder for some hours, or the cloth is packed 
in suitable kiers and the chemic solution is circulated through it by means 
of pumps. 

Sourin/f. After treatment with the chemic solution the cloth contains 
a considerable amount of lime compounds and undecomposed chlorine 
derivatives. The souring, or treatment with a dilute solution of sulphuric 
acid l®Tw., is for the purpose of removing or decomposing these com¬ 
pounds. The cotton also becomes much white in color after the treat¬ 
ment with acid, hence this process is known as the white sour (in contra¬ 
distinction to the gray sour when a lime boil is used). Instead of using 
sulphuric acid for souring, hydrochloric acid is sometimes employed, as 
the lime salt with this latter acid is much more soluble; hence much 
easier to removed from the fiber. After souring a very thorough 
washing must be given the cloth in order to remove all salts and 
acid residue. 

Finishing. The final operation in bleaching cotton cloth is to give 
it a finish suitable to the use for which it may be intended. In the case 
of a market bleach, the cloth must be tinted to a proper tone of bluish 
white and also be starched and calendered to give it a smooth and polished 
surface. Cloth intended for dyeing, of course, is not tinted, and receives 
its special finish after it is dyed. Print-cloth is also not tinted, and it 
is finished in the printing operation. 

Modern practice tends to simplify the operations of bleaching; instead 
of first boiling with lime, then giving a gray sour and a second boiling 
with soda ash and resin soap, a single boil with caustic soda is given in a 
pressure kier for ten to twelve hours. 

Of late years a number of bleaching processes have been brought 
forward with the object of making the process shorter and more automatic. 
Special forms of kiers have been devised where the cloth is treated to all 
the operations with a minimum degree of handling. One such method 
which is being largely used is the so-called Mather-Thomson Process, 
which uses an improved form of apparatus. In place of using solutions 
of chloride of lime, the chemic is sometimes prepared by the electrolysis 
of a solution of common salt. This furnishes a hypochlorite of sodium, but 
the bleaching efficiency is said to be somewhat greater than a correspond- 
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ing amount of bleaching powder solution. A similar solution can be 
prepared more economically and satisfactorily by the use of liquid chlorine. 
This product is now largely employed in connection with soda ash or 
caustic soda, and most of the large bleacheries in America have adopted 
this method of preparing chemic for bleaching. 

Linen. This is next to cotton in importance as a vegetable textile 
fiber. It is obtained from the ba.sf of tiie flax plant, Linum usiUUissimum, 
and differs considerably from cotton in its structure and appearance. 
The flax plant is grown largely for its fiber in Europe, Ireland and Russia 
being the chief producers. Though also grown exten.^ively in other parts 
of the world, it is cultivated principally for its seed, which ultimately 
furnishes linseed oil. In preparing the fiber the entire plant is taken and 
put through a rippling machine for the purpose of nunoving the leaves, 
seeds, etc. The cleaned stalks are then subjected to a process known as 
retting for the purpose of decomposing the woody tissue and disolving 
the resinous and gummy matters .so that the free fiber may be obtained. 
Retting is essentially a fermentation process, and a number of different 
methods are employed. The two chief methods are: (1) steeping in stag¬ 
nant water. The flax straw is tied into convenient bundles and laid down 
in pools of soft water. Eennentation raphlly sets in, and when the woody 
tissue h.'LS been decompo.sed, but before the fiber itself is attacked, 
the bundles arc removed and spread out on the gniss for a number 
of days, where they may be e.xposed to the combined action of sunlight 
and air. 

The pulpy stalks are then passed through special breaking and scutch¬ 
ing machines for the purpose of breaking-up and removing the decomposed 
matters and leaving the fil>er free and clean. Flax produced in this manner 
has a rather dark grayish-brown color, as the coloring matters formed 
during the retting process are not removed. The majority of the Irish 
fljix and some of the Russian flax is retted in this manner. (2) Steeping 
in fresli running water (in streams) is another method of retting by which 
most of the French and Belgium flax is made. The bundles of flax straw 
are submerged in the streams by moans of crates. The fennentation 
proceeds more slowly than by the first method, but the coloring matters 
are removed by the running water, so the final product is much lighter in 
color, and the fiber is of a superior quality. Flax may also be retted by 
exposing the stalks for a number of weeks to the action of dew. There 
have also been a number of "improved” chemical methods proposed for 
the retting of flax, chiefly with the purpose of listening the fermentation 
and obtaining a brighter and clearer fiber, but none of these have proved 
to be of any value. 

The linen fiber as it appears in trade is in the form of long, rather 
coarse, filaments of a silver or brownish color. These fibers consist of a 
number of comparatively small elongated cells cemented together by a 
glutinous intercellular substance. The individual fiber cells arc about 
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1 to 2 ins. in longtli nnd from 12 to 25 n ' in dinmctor. The fiber is cylin¬ 
drical with thick cell-walls and a narrow internal canal. Under the micro¬ 
scope the fil)er shows tlie presence of peculiar cross-marks resembling joints 
or dislocations (see Fig. 409u). 

In its chemical proptaties linen is very similar to cotton, but its cel¬ 
lulose is less pure owing to the intercellular substances prc.sent. The 
following is an average analysis showing the composition of linen: 


Water. 

Aqueous extract. 

Fatty and waxy matters 
Intercellular matters . . 

Cellulose. 

Ash (mineral matter). . , 


s. 

65 

•10 

70 per cent 

3. 

65 

6 

02 

2. 

39 

2 

37 

2. 

7! 

9 

11 

S2. 

57 

71 

50 

0. 

70- 

- 1 

32 


Linen is bleached in the same general manner as cotton, but as the 
fibers arc more or less disintegrated into the individual cells by the 

bleaching process, fidly bleached linen is much 
weaker than raw linen. On this account, linen is 
generally only partially bleached. In its general 
' ^^''^^'^tcterislics linen is stronger than cotton but 

■ i:,.-’ • ■ . - \ elastic; it is a better conductor of heat, hence 

linen garments are colder than those of cotton. 
Linen also has a Iiigher degree of luster than 
cotton. 

Jute. This fiber is without doubt next in 
Fio. 409<i.—Linen Fiber, commercial and technical importance to linen. It 

is also a bast fiber obtained from the stalks of 
Corchorus cap.sulans, or Jew’s mallow, growing in tropical and sub¬ 
tropical countries. The majority of the jute of commerce comes from 
India and the East-Indian Islands. The fiber is prepared from the stalks 
by a simple retting in water, the fiber separating rather readily from the 
other tissues. As it appears in trade the fiber is from 4 to 7 ft. in length, 
usually of a yellowish-brown color, though some qualities are of a silver- 
gray color. It has considerable luster and a high tensile strength. The 
cell-elements of the jute fiber are rather small, being about 1.5 to 5 mm. in 


length and 20 to 25 /i in diameter. The fiber is composed of a rather large 
number of these cell-elements cemented together. A cross-section of the 
fiber shows these cells to have a polygonal outline. The microscopic 
appearance of the jute fiber differs from that of linen in not exhibiting the 
peculiar jointed ridges running across the fiber. 

In its chemical composition and properties, jute differs essentially 
from the other vegetable fibers. Instead of being composed of relatively 
pure cellulose it appears to consist almost altogether of a modified form 

* The expression /x indicates the thousandth of a millimeter (0.001 mm.). It is a 
unit extensively employed for microscopic measurements. 
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of colhiloso known ns litmot-collulosc or bastoso. Tliis is shown by the 
fact tliaf tlie jute fiber gives a yell(»w ct^loration wlieti tested witli iodin- 
sulphnric acid n'ageiits, whereas ordinary celhdos(‘ gives a l)Iue color. 
Owing to its dilfereiit eheinical coinposition, jnte behaves <juite differently 
with the various classes of dyestuffs, as it combines directly with both acid 
and Uisie dyes, whereas cotton and linen retiuiro inonlants for these colors. 

Jute is extensively employed for the manufacttire of siicks and bags, 
for the backing of carpets and rugs, for small coverings, draperies, etc. 


The Minor Vegetable Fibers. There are a number of vegetable fibers 
which arc largely used for tlie manufacture of cordage, mats, etc., and 
which can scarcely be termed textile fibers in the sense of being utilized 
for woven fabrics. H(*mp an<I sisal an* the principal fibers used for cordage. 
The fonner is a general name for a large number of commercial fibers of 
similar physical appearance and properties, and obtain(*d from a num¬ 
ber of <liff(;rent plant.s. Sis;d is a HIht obtained from the leaf tissues of 
the agave and other similar phinfs. Hamie or (’hina-grass is a bast fiber 
obtained from species of the nettle plant. It is a fine white and very 
strong fiber wliich would l)e very valuable commercially except for the 
difficulty with which it is obtained from the plant and from the fact that 
the .surface of the fiber is .so smooth that it lacks cohesion in spinning. 

There an) a largo number of plants capable of producing textile fibers, 
cither from tlie ba.st or from leaf tissues; but in nearly all cases there are 
practical commercial or manufacturing conditions militating against their 
adoption. Not only must the fiber be economicnll 3 ' produced from the 
plant, but it must be spun and manufactured into articles of general use. 
With most new fibers it would require the invention of suitable new 
machines for properly recovering the fiber from the plant, and then the 
development of entirely new machinery for processing and spinning it into 
a yarn, and further, it would require the patient education of the trade 
and the consumer to accept the finished product. The spasmodic exploita¬ 
tion of new vegetable fibtirs is constantly recurring but without much 
commercial success. 

Artificial Silk. This is a fiber which is attaining considerable com¬ 
mercial value. It is a cellulose fiber artifically prepared from suitable 
solutions of cellulose by forcing the liquid through fine orifices and coagu¬ 
lating the cellulose as it emerges in the form of a delicate tliread. There 
are a number of methods at present used for the production of this fiber, 
among which the following are the most important: (1) Pyroxylin or Chnr- 
donnet silk prepared from a solution of guncotton in a mixture of alcohol 
and ctlier; as the thread is formed the solvent is evaporated and the 
nitrated cellulose becomes coagulated into a continuous filament. Tliis 
thread is subsequently denitrated by treatment with solutions of nitric 
acid, ferric chloride, and ammonium phosphate. (2) Cypra-ammonium 
silk is prepared from solutions of cellulose in the copper-ammonium hydrate 
solvent known as Schweitzer’s reagent. The thread is coagulated and the 
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metallic salts removed by a treatment, with a solution of sulphuric acid. 

(3) \'iscose silk is prepared from a solution of viscose or cellulose thiocar- 
bonate, the thread being coagulated by passing through a solution of 
ammonium sulphate, and subsequently washed very thoroughly to remove 
the sulphur compounds that arc formed in the decomposition of the viscose. 

(4) Acetate silk, known commercially as Celanese, is prepared from a solu¬ 
tion of cellulose acetate. It differs considerably from the other artificial 
silks in its dyeing and physical properties. These artificial silks resemble 
true silk very closely in general appearance, possessing even a higher 
luster than the latter. The fiber, however, is more wiry and harsh in 
nature, and its strength and durability is considerably below that of true 
silk. The strength of artificial silk is also greatly lessened when wetted 
with water. This fiber, however, has a large use in the manufacture of 
braids, dress trimmings, passementerie, and ornamental fabrics, of various 
kinds where a high luster is especially desirable. Artificial silk (with the 
e.xception of acetate silk) is dyed in the same manner as cotton. 

Yarns for textile purposes have also been prepared from paper pulp, 
the general process being to cut the thin sheet paper pulp into narrow 
strips, and then twisting these into yarns. Such products are Silvaline 
and Textilose yarns and fabrics. 
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DYESTUFFS AND THEIR APPLICATIONS 

LOUIS A. OLN'EV 

ProJe&$or of ChetfiUlryf nnd Head of the Department of Textile Chemistry atui Dyeing at 

the L<m‘eU Textile Institute^ LoueU^ Mass. 

Textile Coloring. Textile coloring may be defined as the process or 
combination of processes vised to fix a color or colors uniformly, and more 
or less permanently, upon textile material. It includes both dyeing and 
printing. 

Dyeing. The tenn dyeing is sometimes given almost as broad an 
interpretation as textile coloring, but to be specific, it should include only 
those proces.sea in which the entire Ixidy of the material being colored is 
immersed in the coloring bath, a greater or less period of the time required 
for the coloring. 

Textile Printing. Texiile printing is a process by means of which the 
coloring matters applied may be confined, by use of a printing machine, 
to certain portions of the material, thus producing a definite colored 
design. The necessary dyestuffs and chemicals are made into a paste, 
with starch, dextrine, and various gums, and applied to the cloth by 
means of engraved copper rollers, one for each color, the cloth being finally 
subjected to siiecial aging and drying processes. By this method it is 
possible to produce prints containing ten or more different colors. 

By combined dyeing and printing many different and pleasing effects 
may be produced. 

Staining. Staining is the term often applied to the process of coloring 
such materials as wood, bone, and iv'ory, and the coloring matter in this 

case is ordinarily applied with a brush. 

The terms staining and dyeing arc both applied to the coloring of 
leather, straw, paper, and feathers, their respective use depending some¬ 
what upon the process used, but in most cases the term dyeing is more 

accurate. 

Compounds Used by the Textile Colorist. The chemical compounds 
used by the textile colorist may be divided into two classes: 

(1) Those which possess no coloring power, but which are instru¬ 

mental in the fixation or development of coloring matters 

upon the fiber. 

(2) Those which arc true coloring matters. 
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First Clasit. Compoundri InstrumenUd in (he FiTodon of Coloring 
Ma((< IS upon (hr Fiber. oKhough Fossissing no Coloring Foxeer Thcnisehus. 
1 1h* compounds inclu<lc<! un(l(‘r this hojnhng arc frof|iicntIy spoken of as 
fixing (igi Ills, hut when us(al in tliis hroad and ind»>finito sense, tlie term 
fretiuently I(‘a<Is to confusion ratijcr than to enlislitennient. In order to 
eliminate this confusion as far as possible, wo will classify the most 
important compounds coming under tliis class as follows: 


(1) Mordants: (a) Metallic, {b) Non-metallic. (c) Acid. 

(2) Mordanting assistants. 

(3) Cdiemical fixing agents. 

(4) Meehanical fixing agent.s. 

(5) Developing agents. 

(6) Dyeing a.ssistants. 


Mordants. Mordants in general may he defined ,as sub.stances capable 
of uniting witli certain dyestuffs to form insoluble colored compounds 
which under the proper conditions may be more or less permanently fixed 

upon textile material. They may be subdivided as metallic, non-metallic, 
and acid mordants. 

Metallic Mordants. Metallic mordants are .substances, usually metallic 
oxides, hydroxides or extremely basic .salts which are capable of uniting 
with certain dyestuffs, known as mordant tlyestuffs, to form insoluble 
colored compounds which for the most part, are known as color lakes. 

Non-mctallic Mordants. The only non-metallic mordant of impor¬ 
tance, and this of only minor importance, is sulphur. Sulphur is some¬ 
times used as a mordant when applying certain basic colors, e.g., malachite 
green upon wool. 

Acid Mordants. Tannic acid and various substances rich in this acid, 
such as sumac, gall nuts, and various bark extracts, and less frequently 
various fatty acids, such as oleic and stearic acids, and Turkey-red oil, 
arc the only acid mordants of importance. Of these acid mordants tannic 


acid and its related compounds are the only ones commonlj^ used, and these 
chiefly in the application of the basic colors to cotton material. The acid 
mordants are of minor importance as compared with the metallic mordants. 

Mordanting Principles. As often applied, the term “mordant” indi¬ 
cates the soluble metallic salt used to produce the mordant, but in the 
proper sense the mordant is that substance, which in direct combination 
with the dyestuffs, forms the color lake. In order to avoid this confusion, 
we will designate the compound used to produce the mordant as the 
mordanting prinaple. Thus in one of the most common wool-mordanting 
processes the soluble potassium or sodium dichromate is the mordanting 
principle, but the insoluble chromium chromate and chromium hydrate 
ultimately fixed upon and within the fiber constitute the true mordant. 

Mordanting Assistants. Mordanting assistants are compounds such 
as tartar, lactic acid, oxalic acid, and sulphuric acid used in conjunction 
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with the mordanting pritjciplcs to assist in hrinq:ing about a gradual 
decomposition of tiie latter, and assist in proihjcing a uniform deposition 
of the actual mordant upon and within the textile material. 

Mordanting Process. The monlanting process is the operation 
whereby various monlants are precipitat<‘d ami so deposited upon textile 
material that they may be subsequently united with mordant dyestuffs 
in situ to form insoluble color lakes. Through the combined mordanting 
and dyeing proces.ses these color lakes become fixed upon the textile 
material, thus imparting to it a permanent color. Occasionally, in special 
cases, the dyestuffs may be applied at the same time or even previous to 

the mordant. 

Chemical Fixing Agents. Under the heading of chemical fixing agents 
we will include; 

First. Those .substances which are in.stnimental in the fixation of 
various mordants upon textile material by uniting chemically with such 
mordants and holding them upon tlic filler until the proper dyestuffs may 
be given an opportunity to unite with them. F.xamples: The various 
antimony compounds used to fix tannic acid upon cotton fiber. \ arious 
tannin compound.s used to hold iron upon the fiber as the insoluble tannate 
of iron when the latter is to act as a mordant with logwood or other 
mordant dyestuffs. 

Second. Those substances which cause the actual precipitation of 
the mordant usually by the double decomposition of the mordanting 
principle. Example: When cotton material saturated with nitrate of 
iron is passed through a solution of .sodium carbonate, the basic carbonate 
and hydrate of iron arc precipitated upon the fiber, and sufficiently fixed 

thereon to act as a mordant. 

Mechanical Fixing Agents. Those are substances (such as albumen) 
capable of hol.liiiR piRinents, pormaneiitly, upon the fiber, or certain 
KUina and starches capalde of holding .lyestnfTs and otlicr substances upon 
the fiber a sufficient length of time to permit of some desirable reaction 

taking place. Their action is purely meclianical. 

Developing Agents. The tenn developing agents is applied to organic 
compounds which in combination with sonic other organic compound 
already deposited upon the fiber will develop a colored compound, or if 
united with a dyestuff already upon the fiber will form a new coloring 
matter possessing a more desirable or a faster color. Examples: Beta- 
naphthol upon the fiber, when combined with diazotizcd para-nitro aniline 
(developing agent) will produce para red. Primulinc, a yellow dyestuff, 
when diazotizcd upon the fiber by treatment with nitrous acid and then 
combined with beta-naphthol (developing agent) produces a bright red 

coloring matter. i . i i , 

Dyeing Assistants. Under this heading arc commonly included sev¬ 
eral types of compounds known, respectively, as Leveling, E.xhausting, 

and Penetrating Agents. 
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Exhausting agents are compounds added to the dye bath for the pur¬ 
pose of causiiiK greater absorption of dye by the material which is being 
dyed, and also to bring about a correspondingly high exhaustion of dye¬ 
stuff from the dye bath. Sodium sulphate (Glauber’s salt) and Sodium 
C’hlori<le (common siilt) used in connection with direct cotton dyes are 
typical illustrations. 

Leveling agents are compounds added to the dye batli in conjunction 
with certain dyestuffs to assist in bringing about a level and even deposi¬ 
tion of the latter. Glauber’s salt u.sed in conjunction with acid dyes upon 
wool serves as an example. 

Penetrating agents are compounds atlded to the dye bath to facilitate 
the wetting-out proce.ss and incidentally secure a better penetration of 
the dyes. Mixtures of sulphonated oils, soap and certain organic solvents 
are typical illustrations. 

Application of Metallic Mordants. True mordant dyestuffs can only 
be applied in conjunction with metallic mordants. The mordanting 
process is therefore of great importance, the mordant playing almost as 
neces.sary a part in the application of a mordant color as does the dye¬ 
stuff itself. Gf all the metals, only a few, namely chromium, iron, alum¬ 
inum, copper and tin unite with mordant dyestuffs to form valuable 
color lakes. On account of its general applica!)ility chromium is most 
frequently used. Iron and copper produce the most permanent, while 
aluminum and tin produce the brightest color lakes. 

Mordanting of Wool. Wool has a natural affinity for certain com¬ 
pounds and this facilitates the mordanting process to a marked degree. 
When in dilute solution mordanting principles, often in a highly disso¬ 
ciated condition, arc aided in tlieir decompo.sition by this natural attrac¬ 
tion of wool fiber, and as a result various metallic compounds (usually 
oxides, hydroxides or basic salts) are slowlj' deposited upon the fiber. 
This process takes place most completely in a boiling bath and in the 
presence of some secondary soluble compound which has already been 
described as a mordanting assistant. 

Chromium compounds are depended upon, almost entirely, in apply¬ 
ing mordant dyestuffs upon wool, and potassium or sodium dichromate are 
the most important mordanting principles for this purpose. The process 
most frequentlj' used consists in boiling the wool material in a dilute solu¬ 
tion of potassium or sodium dichromate in the presence of either tartar 
or lactic acid, the latter compounds acting as mordanting assistants. The 
boiling should be continued for about one to one and one-half hours in 
order to secure the most complete decomposition of the mordanting prin¬ 
ciple, and fixation of the mordant upon the fiber. 

Mordanting of Silk. Silk, like wool, possesses a marked affinity for 
metallic oxides, hydroxides, and basic salts, and for this reason may be 
readily mordanted. The process consists in steeping the silk in a con- 
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contrated solution of the proper mordanting principle, such as the sul¬ 
phate, chloride or acetate of iron, cliromium, aluminum or tin. usually in a 
slightly bjisic condition, and then tliorouglily washing with a large volume 
of water. Tliis process may he repeated several times, de[)ending upon the 
depth of color to be obtained upon tlyeing. 

Silk possesses the property of absorbing large quantities of metallic com¬ 
pounds and advantage is taken of this fact in the weighting of silk. Silk 
weighting and mordanting are therefore frecjuently closely associated. 

Mordanting of Cotton. The mordanting of cotton is more difficult 
than that of either wool or silk owing to the entire lack of natural attrac¬ 
tion of cotton for metallic .salts, hydroxides and oxides. The methods of 
cotton mordanting are numerous, but may be grouped under four general 
headings: 

(1) Combined padding, aging, and dunging process. 

(2) Combined printing, aging, and dunging process. 

(3) Direct cliemical precipitation upon the fiber. 

(4) Steam printmg. 

In the first method, the cloth is evenly saturated (padded) with a 
solution of some mordanting principle, usually an acetate of chromium, 
iron, or aluminum. It is then subjected to a hot moi.st atmospliere for 
a number of hours (aging) which brings about a slow decomposition of 
the acetate with fi.xation of metallic oxide upon the fiber, and liberation 
of acetic acid. The fixation of the nmrdant and neutralization of the 
free acid present is brought about by the dunging process, which consists 
in thoroughly treating the aged material in a bath made up with such 
substances as phosphates, silicates, and carbonates of potassium, sodium, 
ammonium, and calcium. Sodium arsenate is a valuable fixing agent 
for this purpose but its use has been largely discontinued owing to the 
poisonous nature of the arsenic. 

The second method differs from the first only in that the mordanting 
principle is printed upon the fabric mther than padded. 

The third method consists in the direct chemical precipitation of the 
mordant upon the fiber. In this method the material is first padded with 
the mordanting principle and then passed through a bath containing the 

precipitant. 

In steam printing the mordanting principle and mordant dyestuff 
are mbeed together with the proper thickening agents and then printed 
upon the cloth. Upon steaming, the mordanting principle decomposes 
and forms the mordant which unites with the coloring matter in situ. 

Owing to the shortage of coal tar colors, during the World War, the 
natural dyes, which are for the most part mordant colors, were extensively 
used. This led to considerable experimentation in the application of 
metallic mordants to cotton. One of the most important advances along 
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this line was the introduction of D salt.' By boiling cotton material 
in a solution of this salt it is readily mordanted with a chromium 
mordant. 

Second Class. Cohring Matters and Dycstiijfs. In general, a color¬ 
ing matter is a substance wliich if properly used will impart a characteris¬ 
tic color to some other substance. By common usage the term dyestuff 
is almost synonymous with that of coloring matter, particularly as applied 
to textile material. 

Classiiication of the Dyestuffs. The earliest classification of dye¬ 
stuffs was made by Bancroft, who div’ided them into two classes, sub¬ 
stantive and adjective. He designated as substantive dyestuffs those 
capable of producing a fully developed color upon textile material with¬ 
out the necessary assistance of any other conibining substance, and as 
adjective dyestuffs those requiring an intermediate combining substance 
{caltcd a mordant) to satisfactorily fix and fully develop the color. This 
grouping is still in use, but during recent years, the tendency has been to 
use the term, direct color instead of substantive, and tnordanl color instead 
of adjective. In general the classification holds true; but there arc 
instances whore dyestuffs are substantive toward one fiber, but adjective 
toward another. This is well illustrated by the basic colors which will 
dye wool directly but require a mordant upon cotton. 

The classification which divides the dycsiiiffs according to their origin is 
of broader application. It recognizes three groups and is as follows; 

(1) Natural Organic Dyestuffs. Including (a) Tej/efobfe; {b) Animal. 

(2) Mineral Dyestuffs. 

(3) Manufactured Organic Dyestuffs, or Coal Tar Dyes. 

Though the various subdivisions of this classification, particularly of 
the manufactured organic dyestuffs, arc numerous and varied in the 
character of the dyes they include, this general classification has the 
advantage of conciseness, and one class does not overlap another. 

The natural organic dyestuffs include such coloring matters as log¬ 
wood, indigo, fustic, cutch, and cochineal. 

The mineral coloring matters include Prussian blue chrome yellow, 
iron buff and a number of other inorganic pigments. 

The manufactured organic dyestuffs are the most important and this 
class may be divided into twenty or more important sub-classes. They 
include all of the so-called coal-tar dyes, such as magenta, benzo-purpurine, 
acid violet, tartrazine, and the alizarines. 

^ D salt is a preparation so-callcd after its discoverer, W. C. Durfee. It is appar¬ 
ently a colloidal solution of chromium dioxide together with sufficient chromic acid to 
establish an equilibrium which, although comparatively stable at ordinary temperature-, 
is easily disturbed through boiling in the presence of textile material or when dried 
upon textile material, with a resulting deposition of a stable chromium mordant. 
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Natural Organic Dyestuffs. For convenience we shall subdivide the 
natural organic tlyestuffs as follows: 

(1) Indigo and related compounds. 

(2) Logwood. 

(3) Natural dj’CstufTs producing shades of a red character. 

(4) Natural dyestuffs producing shades of a yellow to brown character. 


Indigo. Indigo blue or indigotin occurs in many plants, chiefly those 
of the genus huligofira, the Imligofera tincioria yielding the largest quan¬ 
tity. The Indigofera thrive only in tropical climates, and for several 
hundred years the cultivation of the indigo plant was one of the chief 
industries of Southern Asia, particularlj- India ami Java. The introduc¬ 
tion of the artificial indigo however has dealt a severe blow to the nattinil 
indigo industry', and the synthetic indigo now sc'Cins likely to entirely 
replace the older vegetable product.’ 

The indigo plant is herbaceous in character, grows 3 or 4 ft. high, and 
with a stem about { in. in diameter. 

Indigo blue, or indigotin as it Ls known chemically, does not exist as 
such in the plant, but is developed through the indirect decomposition 
of a glucoside known as indican. When the leaves and stems are steeped 
in water and allowed to ferment, a clear yellow liquid results which con¬ 
tains the indigo as the soluble indigo white. When this liquor is violently 
agitate<l, so as to expose all parts to the action of the oxygen of the air, 
the soluble indigo wdiitc is converted into the insoluble indigo blue. This 
is allowed to settle, pressed into cakes, and when dr>' is ready for the 
market. 

Chemistry of Indigo Dyeing. Indigo differs from the majority of 
dyestuffs in that it is insoluble in all of the reagents which the dyer can 
employ practically, but nature has fortunately given it a property which 
renders its application comparatively simple. When reduced in an alkaline 
bath, it is easily.converted into the soluble indigo white as follows: 

ChiHi„N:. 02 + 2H = CmHi2Ni.02. 

lndi£o blue Iniiigo while 


Upon even the mildest oxidation, indigo white passes back to indigo 
blue ns follows: 

Cj(iHi2N202 + O = Cir.HidN^Oa + H 2 O. 

Iiiditfo whit« Ibcliso bluo 

Indigo white being readily soluble in alkaline water solution, and 
this solution being easily absorbed !)y both animal and vegetable fibers, 

* During the World War the supply of synthetic indigo of coal-tar origin was 
practically cut off and for a while the natural indigo industry was revived, but before 
the war was over American dyestuff manufacturers began to produce it and, during 
1923, 28,000,000 lbs. wore manufactured in the United States, which covered practically 
the entire domestic requirements and some for export. 
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the process of application becomes comparatively simple. Upon exposure 
of the saturated fiber to the air, the indigo white is oxidized almost imme¬ 
diately to the insoluble indigo blue, which is rapidly precipitated upon 
and within the pores of the fiber to as great a depth as the indigo white 
solution has penetrated. The alkaline bath of indigo white is commonly 
called an indigo vat, and this process of coloring is usually spoken of as 
vat dyeing. 

Application of Indigo. Indigo is extensively used for the dyeing of 
cotton and wool, but seldom for silk. 

Three forms of indigo vats arc chiefly depended upon at the present 
time: 

(1) Fermentation vats. 

(2) Zinc lime vats. 

(3) Hy<lrosulphite vats. 

These vats all involve the principle of reducing finely ground indigo 
to indigo white, and differ only in the methods used to bring about this 
reduction. 

The fermation vat is the oldest, but is still frequently used in wool 
dyeing, although never used for cotton dyeing. The reduction in this 
case is brought about by the fermentation of various organic substances 
such as bran, woad, molasses, and madder in an alkaline solution. 

The zinc lime vat has been used largely for cotton dyeing, but not for 
wool dyeing. The reduction in this case is brought about by the action 
of zinc powder upon water in the presence of an alkali, that alkali being 
calcium hydroxide. The reaction may be represented by the following 
equation 

Zn + 2 H 2 O = Zn(OH )2 + 2H. 

The hydrosulphite vat is the most recent of the indigo reduction vats, 
and has largely replaced the fermentation vat for wool dyeing, and the 
zinc lime vat for cotton dyeing. In this vat the reduction is brought 
about by means of a sodium hydrosulphite solution, which is commonly 
prepared just before use by the action of zinc dust upon sodium bisulphite 
solution. The reactions may be represented by the following equations: 

2 NaHS 03 + Zn = Na 2 S 204 + Zn(OH )2 
Na 2 S 204 + 2 H 2 O = 2 NaHS 03 + 2H. 

More recently sodium hydrosulphite (Na 2 S 204 ) has been put upon the 
market in a dry and more or less stable form and is extensively used not 
only as a reducing agent in the application of indigo, but of the other 
vat dyes. Its use simplifies the process somewhat and avoids unneces¬ 
sary sediment in the dye vat. 

The application of indigo to cotton and wool differs chiefly in the fact 
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th;it it is more difficult to pcnotnitc wool than cotton with the indigo 
white solution and thus a longer period of immersion and a somewhat 
liigher tcanperature is reriuired. 

C’otton retjuires an immersion of only a minute at ordinan,* tempera¬ 
ture, unless the material is heavy, while wool retiuires from twenty min¬ 
utes to an hour at a temperature of 120® F. 

Indigo Extracts. These are prepared by the action of concentrated 
sulphuric acid upon indigo blue. The resulting compounds are the 
indigotin sulpho acids, which arc freely soluble in water, and may be 
easily applied to wool in an acid bath. They dye wool a brigliter blue 
than ordinary' indigo, but unfortunately the dyeings produced are 
extremely fugitive to light, whereas vat indigo on wool produces one of 
the fastest blues known. The use of the former is ver>' much restricted 
for tliis H'ason. The intligo extracts are of no value for cotton dyeing. 

Logwood. Logwood is the product of a large and rapidly growing 
tree known botanically as the liarnatoxylin campcchianum. It is a native 
of C'entral America and the adjacent islands, Jamaica being one of the 
chief centers of the logwood industry. Raw log^vood, as the name implies, 
comes in the form of rough logs, which are ground or rasped into small 
chips. It may be \ised in this latter form after it has been properly aged, 
ljut during recent years it has been more frcquentlj’ put upon the market 
in the more concentrated form of an extract. 

Chemistry of Logwood Coloring. Careful examination of fn*shly cut 
logwoo<l chips rev’cals the presence of a yellowish-cr>’staIline compound 
having the empirical formula CioHuOo, and to which the name hinna- 
toxylin has been assigned. 

When exposed to the .air, hjpinatoxylin, especially in the presence of 
an alkali, rapidly oxidizes to a reddLsh-brown substance known as fuvrnaU in, 
and having the empirical formula CioHi 2 f)o. II®matein is the active 
coloring matter of logwood. Upon further oxidation it passes into a 
resinous brown substance which is of no value for coloring purposes. 

Ix)gwood is in every sense of the word a mordant dyestuff, a metallic 
mordant being required to sjitisfactorily fix the dyestuff upon any textile 
fiber. During the dyeing process the haematein of the Iog>vood unites 
with the mordant to form an insoluble metallic organic compound or 
color lake, whicli becomes fixed upon the fiber. 

The chief metals entering into these color lakes arc chromium, iron, 
aluminum, and copper. Ix)gwood is commonly cla.««ified as a black dye¬ 
stuff, and is used chiefly for the production of blacks, but more strictly 
speaking, it is a blue dyestuff, for with both aluminum and chromium, 
it produces blyc dyeings and although with iron the shade produced 
approaches black, it is customary to add a small amount of some yellow 
or brown dyestuff to produce a satisfactory black. 

Aging of Logwood. In general, logwood, when ready for the dyer, 
should contain a high percentage of hsematein, but little unoxidized 
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haeinatox^'lin, and none of the resinous brown oxidation product already 
mentioned. 

In order that this ideal coiulition may be approached as nearly as 
possible, logwood must l)e aged. 

Logwood cliips are commonly aged as follows: 

AfU'r having been made into a large pile several feet in depth, the 
chips are well moistened with water, and then worked over with w’ooden 
shovels, every portion of the pile being thus brought in contact with 
the air. This is continued for a period of from three or four days to 
two w'ceks, depending largely upon atmosplieric conditions. After some 
experience, one can tell from the appearance of the chip.s when the 
right stage of oxidation is readied. The chips are then stored in such 
a way as to be exposed as little as possible to the oxidizing influence of 
the air. 

^Vhen aged logw’ood is known to contain much hsematoxylin, and con- 
sequentlj' incompletely aged, the aging may be continued to a certain 
extent tluring the dyeing process by abiding some oxidizing agent or using 
an oxidizing mordant, c.g., chromium in the CrOa form. 

Logwood Liquor. Log\vood liquor is a decoction of logwood made 
by extracting aged logw'ood chips with water. It usually has a strength 
of 15® Tw'. (Sp.gr. 1.075) and as it does not keep well is only made as 
required for use. 

Logwood Extracts. At the present time, log>vood is most frequently 
put upon the market in the extract form. Logwood extracts arc made 
by evaporating logw'ood liquor in vacuum pans until it reaches a sp.gr. 
of 1.25 or 50® Tw., or it may be carried to dryness to produce the solid 
extracts. 

These solid extracts are prepared by pat-ented processes. They vary 
somew'hat in strength and chemical character, and are frequently desig¬ 
nated as h<rniatinc crystals. 

Application of Logwood. Logwood is still used in wool dyeing on 
account of its cheapness, and because the characteristic bloomy blue- 
black which it gives is difficult to produce at as low a cost with coal-tar 
coloring matters. In wool dyeing, logwood is chiefly used in conjunction 
with a chromium mordant, a small amount of some yellow or brown dye¬ 
stuff, frequently fustic, being combined with it, to overcome the pro¬ 
nounced bluish cast which would otherwise result. 

One dip logwood blacks are prepared by using in conjunction with 
logwood some mordanting principle, and a sufficient quantity of an acidf 
usually oxalic, to prevent too rapid precipitation of the color lake. A 
mixture frequently used for this purpose consists of logwood extract, 
ferrous sulphate, copper sulphate, and oxalic acid. 

The use of logwood upon cotton has greatly diminished during recent 
years, logwood blacks having been largely replaced by aniline black, 
sulphur blacks, and certain direct cotton blacks. When used upon cotton 
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it is most frequently applied in conjunction with an iron mordant, either 
alone or in cotnl)ination with a copper mordant. 

Logwood is extensively used for (he production of blacks upon silk. 
Iron mordants are depended upon almost entirely for this purpose and 
tin mordants ocea.<ionally. The process usually consists in alternately 
treating the silk with some tannin material and an iron or a tin com¬ 
pound until the silk is thoroughly fille<l with the metallic tannato. The 
silk thus mordanted is then dyed in a logwood bath. By u.sing tin com¬ 
pounds in conjunction with acetate of iron it is possible to weight black 
dyed silk as much as 300 per cent of its original weight. 

Soluble Red Woods. Brazil woo<I, peach wood, Japan wood, and Lima 
wood arc the principal soluble red woods. They arc all mordant colors, 
and may be applied to monlanted cotton or wool by boiling in a plain 
bath of the extracted color. 

Insoluble Red Woods. These inclmle barwood, Saunders wood, and 
camwood. On account of the insolubility of the coloring matters which 
they contain, the ground or rasped chip.s of wood must be added directly 
to the dye bath. They are all mordant colors. The red woods have 
been replaced by coal-tar colors which give more permanent and clearer 
dyeing at a lower cost. Hypemic extract is preparetl from a mixture 
of red woods. 

Madder. Madder root, which wa.s known to the ancients, was for 
many Imndrcds of years the most important of the red nat\iral coloring 
matters, and was used chiefly in the production of Turkey reds. The 
active coloring principle of madder is alizarine, Ci4Hh 02, and the 
discovery in 1868 by Grael>e and Liebermann that alizarine could be 
cheaply made from coal-tar derivatives soon led to the abandonment of 
matldcr us a coloring matter except in the Oriental countries where it is 

native. 

Cochineal. Cochineal is a red mordant coloring matter obtained from 
the drie<i body of an insect which is native of Mexico and Central America. 
In the past, cochineal was extensively used for the production of scarlets 
and crimson.s on wool in conjunction with tin and aluminum mordants. 
Like most of the other natural colors, cochineal has been superseded by 
the coal tar dyestuffs. 

Other red natural dyestuffs worthy of mention are kermes, and lac 
dye, which are similar to cochineal in origin, though of less importance; 
also orchil and cudbear bluish-red coloring matters, which like litmus arc 
derived from certain rock mo.sscs or lichens. 

Natural Dyestuffs of a Yellow to Brown Color. The yellow natural 
dyestuffs include a number of vegetable dyestuffs which vary between 
yellow and brown. Fustic, quercitron bark, Persian berries, turmeric, 

weld, and cutch are the most important. 

Fustic or Cuba Wood. Fustic or Cuba wood is the most important 
of the yellow dyewoods and is still used to some extent in wool dyeing, 
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cliiofly in combination with logwood. It is a mordant dyestuff, being 
used with chromivim and aluminum mordants. It possesses excellent 
fastness. It is sold in the form of ground wood, but more frequently as 
an extract. 

Osage Orange is a comparatively new dyewood. The wood of the 
osage orange tree, which grows in the southern part of the United States, 
is extensively used in tlie manufacture of wagon wheels, and it has been 
discovered that an extract made from the sawdust and waste possesses 
dyeing properties almo.st identical with fustic, both as to color produced 
and fastness. 

Quercitron Bark. Quercitron bark is obtained from the bark of a 
species of oak which grows in the Middle and Southern States. It is a 
mordant color and gives brighter yellows than fustic. Its use is limited 
at the present time. 

Persian Berries. Persian berries is the name applied to the berries 
of the buckthorn. In the extract form it is used to a limited extent in 
calico printing. 

Turmeric. Tunneric is the ground root of a plant which grows in Asia. 
It dyes cotton, wool, and silk bright shades of yellow which are extremely 
fugitive to light and washing. 

Cutch or Gambia. Cutch or gambia, a coloring matter rich in tannin, 
is extracted from the nuts and tender portions of various forms of acacia 
trees growing chiefly in India. It is used chiefly for the production of 
browns upon cotton; also as a tanning material in silk dyeing. 

Mineral Dyestuffs. The mineral dyestuffs as a class are of minor 
importance in the textile industry. Various mineral pigments are some¬ 
times used in calico printing, but in the actual dyeing process the only 
mineral dyes of any importance are Prussian blue, chrome yellow, chrome 
green, iron buff, and khaki. 

Prussian Blue. Prussian blue may be produced upon textile material 
by one of two methods. The first consists of mordanting the material 
with iron oxide, and then boiling in a solution of potassium ferrocyanide. 
The second method makes use of the fact that both the ferro and ferri 
cyanides of potassium decompose when boiled in an acid solution and from 
such a boiling solution Pnissian blue is absorbed by textile material. 
The first process is used chiefly with cotton while the second is better 
adapted to wool dyeing. 

Chrome Yellow. Chrome yellow is the yellow lead chromate which 
may be precipitated upon the fiber by alternate treatments with solutions 
of some soluble lead salt and a chromate. 

Chrome Green. Chrome green is a basic oxide of chromium pre¬ 
cipitated upon the fiber by the reaction of some soluble chromium salt 
with an alkali. 

Iron Buff. Iron buff is a ferric hydroxide precipitated upon the fiber 
by the reaction of some soluble iron salt with an alkali. 
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Khaki. Khaki is a yellowish drab color produced by the precipita¬ 
tion upon the fiber of a combination of ferric hydroxitie and basic chromium 
hydroxide. Khaki when projx'rly tlyed produces an extremely fast color. 

Manufactured Organic Dyestuffs. The natural dyestuffs were de¬ 
pended upon almost wholly until the discover^’ of vtavve by Perkin in 
1856. Mauve was tlio first of the .so-called coal-tar dyes, or better man¬ 
ufactured organic dyestuffs. Its di.scoverj' was followed by tliat of many 
similar dyestuffs, anti a new era soon began in the textile coloring industry. 
Today well over a thous;»ntl entirely different dyestuffs of this class are 
at the disposal of the textile colorist and from them he can select dyes 
which will answer almost ever>' requirement of shade and fastness. 

Classification of the Manufactured Organic Dyestuffs. 1'he manufac¬ 
tured organic dj'estuffs may l>e cla.ssified according to their chemical deriva¬ 
tion, their composition, or in respect to the characteri.stic color-forming 
groiips which they contain. While these cla.ssifications prove ver>’ satis¬ 
factory for the color-manufacturingchemi.st, they prove of little or nor value 
to the practical textile colorist. Another clas.sification which groups them 
according to their action toward the various textile fibers, i.e., according 
to their application, is by far the most practical and valuable for the 
student of textile coloring, and will be followed. It recognizes ten classes 
of coloring matters: 

(1) Basic colors. 

(2) Phthalic anhydride colors. 

(3) Acid colors. (Sometimc.s called sour dyes.) 

(4) Direct cotton colors. (Sometimes called salt colors.) 

(5) Suljdiur colors. 

(6) Mordant colors. 

(7) Mordant acid colors. 

(8) In.soluble azo colors. Produced directly upon the fiber. 

(9) Reducible vat colors. 

(10) Miscellaneous colors. 

Basic Colors. Chemically the basic dyestuffs belong to the class of 
compounds known as substituted ammonias or amines. Like ammonia 
they are basic in character, and hence the name. 

The basic colors have a direct affinity for wool and silk, but no direct 
affinity for cotton, and can only be applied to the latter fiber in conjunc¬ 
tion with some acid mordant, usually tannic acid. 

Application of Basic Colors to Wool. Although the basic colors have 
a direct affinity for wool, they are not extensively used in wool dyeing, 
for in most cases there are more desirable acid dyes. When applied to 
wool it is cu.stomary to boil the material in a bath made up with the 
required quantity of dyestuff, suflBcient acetic acid to render the bath 
distinctly acid, and Glauber’s salt equal to 10 per cent of the weight 
of material being dyed. 
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Appl/cntion of Basic Colors lo Silk. The basic colors have a direct 
afTiiiity for silk, and are extensively used for tlyeing this fiber when bright 
rather than fast colors are desired. The dye bath is made up with 25 
|X'r cent “boiled olT litiuor” ’ and the remainder with water to which is 


added the re(iuired quantity of dyestuff and sufficient sulphuric, acetic, 
or tartaric acids to render the bath slightly acid. The silk material is 
entered at 100® F., the temperature of the bath then raised to 140® F., 
the material worked at this temperature for a few minutes, and the bath 
finally raised to a boiling temperature. 


With tlyestuffs which go on the fiber unevenly it is advisa!)lc to lift 
the silk material from the bath while the temperature is being raised. 

Applicalfon of the Basic Colors to Cotton. Although the basic colors 
have no direct affinity for cotton, it is for the dyeing and printing of this 
fiber that they find their most extensive application. Before dyeing 
cotton material it must first be impregnated with tannic acid, and this 
fi.xed upon the fiber as an insoluble metallic tannate usually of anti¬ 
mony. When such a tannin mordanted cotton material is dyed in a 
bath containing a basic color, an insoluble combination of the dyestuff, 
tannic acid, and antimony results, which becomes fixed upon the fiber. 
In calico printing, the basic color and tannic acid are mixed together in 
the printing paste, and chemical combination between the two is brought 
about by a subsequent steaming process. More thorough fixation of 
color may bo obtained by after-treating the printed and steamed cloth 
with some soluble antimony compound, usually tartar emetic. 

In recent years a synthetic cotton mordant for basic dyes, named 
Katanol O, has been extensively used. It is soluble in an alkaline water 
solution and has direct affinity for cotton. Cotton material may be 
mordanted with Katanol O by simply steeping it in a 5 to 10 per cent bath 
(based on weight of material), to which about 1 per cent of soda ash and 
a considerable quantity of common or Cdauber’s salt has been added. The 
temperature of the mordanting bath is first raised to lGO-175® F. and the 
material allowed to remain in the cooling bath for about two hours. After 
rinsing, the mordanted material is dyed in a bath, containing the basic 
dye, which has been acidulated with acetic acid. 


Application of Basic Colors to Rayon. Cellulose acetate rayon has 
considerable natural affinity for certain basic dyes, and may be dyed 
directly with such dyes if fastness is no great object, and heavy shades are 
not desired. 


Cellulose nitrate rayon has less affinity for basic dyes than the acetate 
variety, but more than either the cupro-ammonium or viscose rayons. 
These are all quite frequently dyed with basic dyes, usually the same as 
cotton on a tannin tartar emetic or a Katanol O mordant. 

Characienstic Properties of the Basic Colors. The basic colors are 


* Preliminary to dyeing, Bilk is subjected to the “boiling off” or “degumming 
process.” The liquor resulting from this operation is known as “boiled-off liquor.” 
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characterized hy their great brilliancy and high coloring power. Their 
fastno.ss to light is by no means satisfactory, but their fastness to washing 
in most cases is very good. Tastness to rubbing is not always satisfactory' 
when applied on a tannin mordant. 

The Phthalic Anhydride Colors. The phthalic anhydride colors arc 
so called lx*cause they are directly related to this compound. They 
include the eo.sines and rhodaininos, anti are extensively list'd for the pro¬ 
duction of briglit pinks, particularly in silk dyeing, and les.s frequently 
in wool dyeing. They are not used to anj' great extent in cotton dyeing, 
altluuigh sometimes usetl in cotton printing. The rhodamines arc closely 
related to the ba.sic colors and may be applied in a similar manner. 

Application to Wool. The phthalic anhydride colors are applied to 
wool in conjunction with alum, potassium bitrartrato, and acetic acid. 

Application to Silk. These colors arc applied similarly to ba.sic colors. 

Application to Cotton. In calico printing the phthalic anhydride 
colors are either applied in a similar manner to ba.sic colors, or in conjunc¬ 
tion with aluminum acetate. 

Characteristic Propcrtica. The phthalic anhytlride colors arc char¬ 
acterized by their remarkable brilliancy. 

Acid Colors. The acid colors are so called on account of their acid 
character, and furthermon* because they dye wool so readily in an acid 
batli. 'I'hey are of grc'ut importance in wool dyeing, about 75 per cent 
of all wool dyeing being accomplished at tlie ])n*sent time by their use. 
'I'he acid colors are al.so extensively used in silk dyeing, but are of no 
importance in cotton dyeing. 

Frtun a cliemical point of view the acid colors may be subdivided 
according to their compo.sition into three clas.ses: (1) Those which are 
nitro compounds, i.e., those? containing the nitro or N ()2 group. (2) The 
Kulfihonated ba.sic colors, i.e., thost? made by treating basic colors with 
concentrated sulphuric acid, and thereby introducing the sulphonic acid 
or HSO .3 group. (3) Those which are azo colors, i.e., those containing 
the azo or —N=N— group. The dyestufTs of the third group arc the 
mo.st numerous and most valuable of the acid colors. 

Application to Wool. The acid dyestufTs, almost without exception, 
are absorl>cd readily by wool in an acid bath and the dyeing process is 
comparatively simple. The dye bath is prepared with the required 
quantity of dyestuff, Glauber’s salt equal to 15 per cent,* and sulphuric 
acid equal to 3 to 5 per cent of the weight of the material being dyed. 
Instead of this mixture of Glauber’s salt and sulphuric acid, a correspond¬ 
ing amount of sodium bisulphate may be used. The material is entered 
at a temperature of about 140® F., brought slowly to a boil, and dyed at 
a boiling temperature for three-quarters of an hour, or longer if much 
dyestuff remains in the bath. With some acid dyes better results arc 

' The pcrcenUigc referred to here os in all other cases in this chapter is based upon 
total weight of material being dyed and not on concentration of solution used. 
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obtained by substituting acetic acid for sulphuric acid, particularly at the 
Ijeginning of the dyeing process. When acetic acid is used about 2 per 
cent of sulphuric acid is usually added toward the end of the dyeing process. 

With some acid dyes which have a tendency to giv’C uneven dyeings 
the bath is started with an addition of ammonium acetate and no acid. 
This gradually dissociates, the ammonium being slowly liberated and 
driven off, and the acetic acid retained in the dye bath. By this method 
the absorption of dye is cut to a minimum at the beginning of the dyeing, 
and increases so slowly that even dyeing is in most instances assured. 
After the dyeing has continued for some time and the bath has become 
decidedly acid, more acetic acid is added and finally sulphuric if necessary 
to exhaust the dye. 

Application to Silk. In silk dyeing the proper quantity of dyestuff 
is added to a bath, made up with “boiled-off liquor” and water, to which 
has been added sufficient sulphuric acid to render the bath decidedly acid. 
The dyeing is begun at 100 to 125® F., and the bath slowly raised to 
200® F., but no higher. 

Application to Cotton. The acid dyestuffs have no affinity for cotton, 
and although occasionally used for special purposes they need not be con¬ 
sidered in this respect. 

Properties of Acid Dyestuffs. The number of the acid dyestuffs is so 
great and their properties so varied that it is difficult to describe definite 
properties that will apply to all. 

Most of the acid colors are easily soluble in water, and, from an acid¬ 
ified water solution, animal fibers rapidly, and in many cases completely, 
absorb the dyestuff. The vegetable fibers, in general, have no direct 
affinity for the acid colors; jute, however, as an exception, has a slight 
affinity for a few special colors. 

Direct Cotton Colors. The direct cotton colors, as their class name 
indicates, have a direct affinity for cotton. All vegetable fibers readily 
absorb the direct cotton colors from their simple water solution, but for 
practical results it is advisable to make certain other additions to the 
dye bath. The direct cotton colors also dye the animal fibers directly, 
but in most cases acid colors are preferred. The direct cotton colors 
having a direct affinity for both animal and vegetable fibers find ex-tensive 
application in the dyeing of union material composed of cotton and wool, 
or cotton and silk. 

Application to Cotton. The direct cotton colors are usually applied 
to cotton material by boiling for one hour in a dye bath made up with the 
necessary quantity of color, and Glauber’s salt or common salt to the 
extent of 10 to 30 per cent of the weight of material being dyed. In some 
cases it is advisable to add from 1 to 3 per cent of soda ash, the quantity 
added varying with the amount of dyestuff used. In the dyeing of delicate 
tints, and with material which is difficult to penetrate, soap is sometimes 



DYESTUFFS AKD THF.IU APPLICATIONS 


1271 


added to the bath, and sodium phosphate used instead of C.lauber’s and 
common salts. It is always advi.sable to keep the bath as short, i.e., as 
concentrated, as possible, when applying these colors to cotton. An after- 
treatment with copper sulphate or potassium dichromate solution renders 
certain of the direct cotton colors somewhat faster to lijiht. 

Cotton material dyed with certain direct cotton colors, particularly 
blacks, blues, and browns, may sometimes (depeiulinfj upon their composi¬ 
tion) be rendered much faster to washing and increased in intensity of 
color by the process known as diazoliziug and dtirlopiug. To accomplish 
this, the material, which has already been dyed by one of the regular 
methods, is rinsed in cold water, and diazotized by working fifteen to 
twenty minutes in a cold bath of dilute sodium nitrite and sulphuric acid. 
After removal from this bath the material is again rinsed in cold water and 
worked for fifteen minutes in a bath containing the proper developer.* 

AppUaition to IFoof. Wool njay l )0 dyed with most of the direct cotton 
colors in a neutral bath with or without the adtlition of Glauber’s salt or 
common salt. 

In some cases it is advi.sfiblc to add a little acetic aci<l, but the addition 
of too much acid causes the dj’estuff to go upon the fiber unevenly. 

Applicalion to Silk. The direct cotton colors are applietl to silk in 
much the same manner as to wool. The addition of “boiled-off litpior” 
is an advantage. 

Application to Rayon. Direct cotton dyes as a class have little if any 
affinity for the acetate rayons, and as a rule cannot be used for dyeing this 
fiber. The cellulose nitrate, cupro-ammonium and viscose rayons (con¬ 
stituting the so-callcti regenerated celluloses) may all be dyed with direct 
cotton dyes by methods similar to those used with cotton. The affinity 
of the.se dyes for cellulose nitrate rayon is not quite as marked as with the 
other two varieties. 

Application to Cotton and Wool Union Material. The direct cotton 
colors having a direct affinity for both cotton and wool are extensively 
used in the dyeing of union goods. By tlie choice of proper dyestuffs, 
and regulation of process, chiefly through variation of temperature, almost 
any color can be produced upon such material in one bath. 

Properties of the Direct Cotton Colors. The direct cotton colors vary 
greatly in fastness. In general, they are not fast to washing when applied 
to cotton although mucli faster in this respect upon wool. Many of the 
reds are extremely sensitive to acid. 

The property known as “bleeding" Is one of the valuable ns well as 
one of the detrimental characteristics of the direct cotton colors. 

This property is valuable since it tends to produce very level dyeings, 
and also to correct unevenness. On the other hand it is detrimental, as 

’ Beta-imphthol dissoIvtKl in the necessary quantity of caustic soda solution is most 
frequently for this purpose. 
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it prevents the use of tlie direet cotton colors for coloring of ginghams and 
in calico-printing. 

The direct cotton colors are, as a nde, readily soluble in water. 

Sulphur Colors. The sulpluir or sulphide colors, as they are frequently 
called, are in many respects similar to the direct cotton colors, but diflfer 
so entirely in many other respects that they are grouped by themselves. 
In recent years they have b(“come an important factor in cotton dyeing, 
on account of the fastness of the dyeings they produce, and they are now 
extensively usetl for the production of fast blacks, blues, browns, and com¬ 
pound shades upon cotton. 

They are called sidplujr colors for three reasons: In the first place, 
sulphur is a constituent of all of the dyestuffs of this cla5«; sulph\ir and 
sodium sulphide are largely use<l in their manufacture; and finally, sodium 
sulphide is almost without exception a necessary constituent of the dye 
bath during their application. 

Applicotjon of the Sulphur Colors'. The sulphur colors are only used 
in the dyeing of vegetable fibers, the strongly alkaline sodium sulphide 
bath which must be used to hold the color in solution prohibiting their 
use with animal fibers.* In general they are applied in a bath made up 
as follows: Dyestuff from 1 to 20 per cent of the weight of the material, 
sodium sulphide one to four times the weight of dyestuff, soda ash 5 to 10 
per cent, and Glauber’s or common salt 20 to 50 per cent of the %veight 
of material being dyed. The material to be dye<l is entered at or just 
below the boil, and dyed at this temperature for one hour. It is advis¬ 
able to keep the textile material below the surface of the liquor as much 
as possible. 

Propcrlies of the Sulphur Colors. The most valuable property of the 
sulphur colors is their fastness to light, washing, and acids. This fastness 
to chlorine and bleaching, however, is in most cases not good. 

Nearly all of the sulphur colors are insoluble in water, but dissolve 
readily in a solution of sodium sulphide. Copper vessels must not be 
used for their solution or in their dyeing as the sulphide present rapidly 
acts upon the copper, coating it with the black copper sulphide. 

The shades produced by the sulphur colors are mostly of a dull char¬ 
acter, and blacks, browns, dark blues, dark greens, and dull yellows; also 
various compound shades of these, such as drabs, slates, olives, and grays 
predominate. Sulphur yellow's and greens as a rule do not equal the 
other sulphur colors in fastness. As yet no bright sulphur reds have been 
prepared. 

Mordant Colors. The true mordant dyestuffs included under this 
heading cannot bo permanently fixed upon cotton, wool or silk, except in 
conjunction with some metallic mordant. The nature of these metallic 
mordants and the methods of their formation upon textile material have 

‘ Special methods have been proposed for applying sulphur colors upon wool, but 
none has as yet come into practical use- 
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already boon desoribcd They are \isually fixed upon the textile material 
as insoluble hydroxides of chromium, aluminum, and iron, and less fre¬ 
quently tin and copper. Durinn tlu* dyeing process which follows the 
mordanting, the mordant dyestufTs, whicli contaiji either hydroxyl (OH) 
or carboxyl (COOII) groups in tlieir composition, react with tlie mordants 
in much the same manner as acids react with bases, the result being the 
formation of insoluble metallic organic compounds of salt-like character 
which arc knowm as color lakes. This reaction takes place in situ and the 
color lake is thus fixed tipon and within the fiber. 

Application to Wool. Tlic material, wliich has already been mor¬ 
danted, is thoroughly waslual and then dyed in a bath made up with 
the necessary quantity of dyestuff and acetic acid. The latter is added 
to counteract any hardness or alkalinity of the water, and should be 
slightly in excess. 

The dye bath should be at ordinarj* temperature wlien the material 
is entered, but the temperature should be slowly raised to a boil, and the 
dj’cing continued at a boiling temperature for one and one-half hours. 
This prolonged boiling is necessar>' in order that complete chemical reac¬ 
tion may take place between mordant and dyestuff. 

Appliaition to Cotton. Cotton material mordanted by one of the 
methods already described may be dyed by simply boiling in a bath 
containing the mordant tlyestiiff, but it is more often the case that mor¬ 
dant dyestuffs are applied to cotton in conjunction with some mordanting 

principle by the steam printing process. 

Application to Silk. The mordant dye.stuffs may be applie<i to mor¬ 
danted silk but are seldom used for this fiber unless extreme fastness to 
soap and wa.shing is desired. 

Properties of Mordant Dyestuffs. While most of the artificial dye¬ 
stuffs are soluble in water, and sold in a powdered condition, the mor¬ 
dant dyestuffs are the exception, being nearly all insoluble in water and 
sold as liquid pastes, which ustially contain 20 per cent of coloring matter 
and 80 per cent of water. Alizarine is the most important of the mordant 
dyestuffs, and many of the other dyestuffs of this class arc direct deriva¬ 
tives of alizarine. For this reason the mordant dyestuffs, as a group, are 
sometimes designated as the “alizarines.” The mordant dyestuffs are 
characterized by their great fastness both to light and washing as well as 
to all of the common color-destroying agencies. 

Mordant-acid Colors. The dyestuffs of the groiip known as the mor¬ 
dant-acid colors arc intennediate in general diameter between the acid 
dyestuffs and the mordant dyestuffs. They resemble acid colors in a 
general way, dyeing wool directly in an acid bath, but at the same time 
resemble the mordant colors, in that they may be applied to advantage 

in conjunction with metallic mordants. 

During recent years, the number of mordant-acid colors has greatly 
increased, and at the present time they arc receiving much attention in 
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wool dyeing, having replaced the mordant colors to a certain extent. 
Their popularity lies in the ease with which they may be applied, and 
the fact that an after-treatment witl^ some mordanting principle converts 
them into color lakes possessing excellent fastness to light, acids, washing 
and soaping. 

Application of Mordant-acid Colors. It is only upon wool that the 
mordant-acid colors are useful. They are dj’cd in the same manner as 
acid colors, but after the tlyeing is completed the material is raised from 
the bath; from 1 to 3 per cent of potassium dichromate added and the 
boiling continued for from one to one and one-half hours. With some 
dyestuffs it is bettor to after-treat with the potassium dichromate in a 
separate bath, and in some instances a small quantity of some mordanting 
assistant, such as tartar or lactic acid, may be added to advantage. 

Properties of the Mordant-acid Colors. The mordant-acid colors when 
properly applied approach almost if not quite the fastness of the straight 
mordant colors. Difficulty is sometimes experienced in producing the 
exact shade desired, because the color produced at the end of the dyeing 
is often greatly changed during the after-treatment. It is not infrequent 
that a yellow or red will produce a dark blue, green or even black upon 
after-treatment. 

As the after-treatment is almost without exception carried out with 
potassium dichromate, the mordant acid colors are often called chrome 
colors.” 

Insoluble Azo Colors. A number of coloring matters of the azo type 
exist, the insolubility of which renders them non-applicable by any of the 
methods already described. Fortunately the nature of the process of 
their formation is such that they may be produced directly upon the fiber. 
Many insoluble azo colors may be produced, but only two, the so-called 
para-nitraniline and alpha-naphthylamine reds have proved to be of great 
practical value. These have been extensively used upon cotton during 
the past twenty years, the former having replaced Turkey-red to a great 
extent. 

The dyestuffs of this class are also known as developed colors, because 
they arc developed during the process of application, ice colors because ice 
is used to attain a low temperature during their formation, and ingrain 
colors because they are formed within the grain of the fiber. 

The fonnation of the insoluble azo colors depends upon the fact that 
certain diazotized amino compounds produce insoluble coloring matters 
when brought into contact wdth certain naphthols or phenolic bodies. 
Para-nitraniline red, the most important example, is produced by pad¬ 
ding cotton cloth mth sodium beta-naphtholate, prepared by dissolving 
beta-naphthol in caustic soda solution and then passing the cloth thus pre¬ 
pared through a bath containing a cold solution of diazotized para-nitrani- 
line, the latter being prepared by the action of nitrous acid upon para- 
nitraniline hydrochloride. As soon as the cloth prepared as above comes 
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in contact \Yith the para-nitraniline solution, a bright nnl develops wliich 
possesses excellent histiiess to liglit and washing. If <liazotiz<“d alplia- 
naphthylaniine Ls substituted for the para-nitraniline. a claret red color 
is produced of corresponding fastne.ss. Para-nitraniline red on ct)tton is 
faster than any of the <lirect cotton reds of similar character and as reganls 


fastness to light is exceeded ordy by Turkey-red. 

!More recently naphthol .d-S {beta hi/droxi/ naphthoic acid anilidr) has 
become an important factor in the application of the iu-soluble azo colors. 
It posse.s-ses one advantage over beta-naphthol, namely, its much decided 
greater affinity for cotton. As a result it may be applied by a wet process 
while beta-naphthol niust be throughly dried upon the cloth after padding, 
whereas tvith naphthol AS the cloth may go directly into the <liazo bath 
without drjing. By the addition of formaldehyde to the pailding solu¬ 
tion of naphthol AS it is possible to keep the cloth wet after the padding 


for some time. 


Used in combination with dianisidine it gives 


a ver>' fast 


blue. Several other modified naphthol derivatives of a somewhat similar 
nature have also l)cen introduced. Naphthol AS and similar products 


have a decided advantage when it is desired to apply the insoluble azo 
dye.s by a machine process. High cost as compared with beta-naphthol 
has delayed their introduction to a considerable extent. 

Naphthol AS in combination with Fast Red GL B.ase (Meta-Nitro- 
Para-Toluidine) gives a red which in shade and fastness appe.ars nearer to 
that of Turkey-red than the older para nitraniline-red. 

The in.soluble azo colors are not applicable to wool, owing to the fact 
that a strong caustic sotia solution must be used in dis.solving the naphthol 
which would act injuriously upon the fiber. 

The Rapid Fast Colors are the latest development in this group of 
dyes. They arc stabilized diazo compounds in combination with certain 
developers, such :i.s naphthol AS and related compounds. 

Rapid Fast Red 2G, as an example, is a stabilized diazo compound of 
para-nitro-aniline in combination with naphthol AS. These dyes are sim¬ 
ply padded upon cotton cloth, dried at a high temperature and developed 
by passing through an acid bath. They have found extensive application 


in calico printing. 

Reduction Vat Colors. The reduction vat colors have come into great 


prominence during recent years owdng to their great resistance to prac¬ 
tically all of the color-destroying agencies, particularly light and wiishing. 
Tlie chemistry of their application is the same as that of indigo, in fact 
indigo is a reduction vat color in every sense of the word. As a class these 
colors arc insoluble in water, but when strongly reduced in an alkaline 
bath with sodium hydrosulphite they form soluble, usually colorless or 
almost colorless, reduction compounds which arc easily absorbed by the 
fiber. Upon subsequent oxidation the reduced compounds priss back to 
the original insoluble dyestuff which becomes fixed upon the fiber. 

From the point of view of composition the vat dyes may be divided 
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into throe proups: first, those rclatecl to indigo, sometimes designated as 
tlic imligoids; second, tliose related to anthracene, sometimes called the 
irulavlhrrncs; third, a group of more recently developed colors, sometimes 
designated as sulphurized vat dyes, including a number of the hydron colors. 

Among the indigoid vat dyes, \vc liave in addition to indigo itself, two 
quite distinct types: first, those wliicli are halogemited indigos; second, 
those where sulpluir has been introduced directly into the molecule, and 
sometimes calU'd the fhio indigo colors. The Inilogonated indigos for the 
most part retain a blue or violet color, but with the thio indigo colors we 
get an entire change even to the extent of a brilliant scarlet. 

Of the anthracene derivatives indatithrone blue is the ohlest and in 
various modified forms still the most important of this type of vat dyes. 
In addition to blue, however, there are yellow, green, orange, violet, red, 
brown, and black dyes of this type. 

The typical liydron colors are perhaps in some instances more like 
sulphur dyes than vat colors, and in some instances may be applied fully 
as well by the sodium sulphiilc, as by the reduction, method. Some of the 
dyes of this group arc related to carbazol while others arc more closely 
related to anthracene. The typical dye of this group is hydron blue, but 
other colors arc included such as yellow, brown and olive. The term 
liydron, however, has lost much of its class significance by application to 
tlycs which arc more strictly of the straight indanthrene type. 

The general method of application consists in completely reducing the 
insoluble dye to a soluble condition by the use of sodium hydrosulphite 
in a caustic soda solution, and then adding to the vat made up to the 
proper volume with water to which a small amount of hydrosulphite and 
caustic have already been added. It is quite important that the tempera¬ 
ture of the dye bath shall be maintained at the proper degree, which 
varies with different dyes and conditions from 100 to 140° F. Higher 
temperatures as a rule are detrimental. After dyeing, the material must 
be sufficiently oxidized fully to develop the color, and in most cases it has 
been found that finishing in a boiling soap bath increases brilliancy, clear- 
ne.ss, and to some extent fastness of the dyeing. 

Among the reduction vat dyes will be found the fastest dyes on cotton, 
both to light and washing. As a group they possess remarkable fastness 
to washing, and in some instances boiling-out with alkali and bleaching 
with chlorine. While their fastness to light in general is excellent there 
are instances where it is far from what might be desired. Taking them 
as a whole it is now possible either by self-colors or combinations to pro¬ 
duce almost any desired color with any degree of brilliancy. 

While the indigoid dyes may be applied to wool, they are not exten¬ 
sively used for this purpose if we except indigo itself. The other vat dyes 
have not been applied to wool as yet on a practical scale owing to the 
extremely alkaline character of the bath required. 

The coloring power of the reduction vat colors is weak and a compara- 
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lively largo amount rnu.'^^t he used in most eas('s. The vat dyes have pre¬ 
sented many difficulties as far as practical application was concerned, hut, 
through |x*rsislent experimentation and stu<ly, tliese have l>een ver>' 
largely overcome and today tliey are exten>ively use<l both in <lyeing and 
printing of the liighest grades of cotton goods. Commercially tlie reduc¬ 
tion vat colors are variously known as ponsol, anthreiie, indanthrene, 
algol, helinchnu*, ciha, thio indigo ami hytlron c(*lors. 

Iruiigosol and SoUdon Dyrsfuffs. These constit>ite one of the most 
recent developments among the vat tlyes. They are water-soluhle vat 
dyes and may he used directly without previous reduction. 

Indigosol (), made directly from indigo hlue, was the first dyestuff of 
thi.s tjTXJ to be introduced. Structurally it consists of reduced or leuco 
indigo with the hydrogen of the hydroxyl group re{)laco<l with a SO^Na 
group. Indigosol O was followed by a numlier of similar dyes prepared 
from other indigoids. The soUnlon dyes are corresponding derivatives of 
the unthraejuinone vat dyes and possess properties somewhat similar to 
the indigosols. The processes for applying these dye.s are as yet in rather 
early stages of development. Furthermore, the individual dyes arc far 
more expensive than the corresponding insoluble vat dyes from which they 
are made. In all cases thc.se dyes do not retain the equivalent fastness 
of the corresponding vat dyes. They have, however, many desirable pro|>- 
erties such as better penetration in the case of cotton, and indigosol O 
offers many adv'antages over indigo in wool dyeing. They al.so find wide 


application in textile printing. 

In the application of the indigosols cotton material is paddcti or printed 
with them, and later developed or oxidized with different reagents, .such 
as ferric chloride, in combination witli hydrochloric acid and common salt; 
or a combination of sodium nitrite and sulphuric acid. Wool material is 
dyed in a rather strongly acid hath and the color developed by the use of 
sodium nitrite or bichromate. The solcdon colors arc applied similarly 
although less acid is used in wool <lyeing. 

Aniline Black. Aniline black is usually classified as one of tlic rnisccl- 
laneouH colors, for it does not belong to any of the other groups. It is, in 
reality, an insoluble black j*igmcnt produced by the oxidation of aniline. 

When aniline is oxidized, three consecutive products are fonned: (1) 
Enieraldine, a greenish-colored salt insoluble in water. (2) NigrajiiliTu;, 
fonned by the oxidation of emeraldinc, and (3) Aniline black proper, or 
ungrccnable black, os it is sometimes called, which is formed by a still 
further oxidation of nigranilinc. The composition of the final product is 
not definitely known. 

Aniline black is extensively used in calico-printing and the dyeing of 
hosiery, but cannot bo used successfully in wool dyeing. 

In general, aniline black is applied by preparing or printing the mate¬ 
rial with a mixture of aniline hydrochloride and certain oxidizing agents 
and oxygen carriers, sucli as potassium chlorate, potassium fcrrocyanido, 
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copper siilphicle, or vanadium salts, and subsequently drying and aging 
it by passing tlirougli an aging chamber. 

Aniline black is extremely fast to light, bleaching and washing. 

Special Dyes for Acetate Rayon. The cellulose acetate rayons typi¬ 
fied by the variety known as “celanese” brought with their introduction 
entirely new problems in dyeing. It was found that they had no marked 
affinity for any of the ordinary classes of dyes then on the market, with 
the exception of the basic dyes, and a slight affinity for some of the vat 
dyes. 

It was not until it was fully realized that the problem of dyeing cellu¬ 
lose acetate rayon could be sjitisfactorily solved only by devising special 
dyes for that purpose that any real progress was made. 

One of the earliest and most successful attempts to produce a new type 
of dye suited for acetate rayon was the introduction of the ionainines. 
The solubility of the ionainines is due to an external or omega sulphonic 
acid group which splits off gradually during the dyeing process, liberating 
the insoluble dye base which is readily absorbed by the fiber. The dye 
base thus formed may in many cases be diazotized and developed with 
phenolic or naphtholic derivatives, giving a wide range of colors of very 
good fastness. The introduction of the ionamines was a step in the right 
direction, but their application involved complications which did not 
wholly appeal to the practical dyer. 

The most important advancement as regards the dyeing of acetate 
rayon was the introduction of the .so-called SRA ‘ dyes. It was found 
that certain dyes, ordinarily insoluble in water, developed an affinity for 
acetate rayon when they were physically solubilized or perhaps better, 
colloidally dispensed. Such a dispersion was satisfactorily made through 
the use of sulpho ricinoleic-acid (sulphonated castor oil), hence the char¬ 
acterizing name of SHA. 

It was found that when ricinoleic-acid solutions of a number of such 
insoluble dyes and certain organic compounds were poured into water 
that a dispersion of the particles took place which was so fine and so com¬ 
plete as to retain the characteristics of water solutions to such an extent 
as to pass freely through ordinary filter paper. From such a dispersion 
acetate rayon readily absorbs the coloring matter. The principle of thor¬ 
ough dispei-sion has been utilized in the preparation of other groups of 
dyes, such for instance as the Duranol colors. The Setacyl, Cibacete, 
Gelatine and Celanol colors are other groups of dyes especially adapted 
to acetate rayon. 

The Mechanism of Dyeing. In the dyeing of textile material we have 
the following types of material with which to deal: 

1. Raw Stock. Including loose cotton loose wool or any other fiber 
in the uncarded or unspun state. 

> The manufacturers of SRA dyes hold exclusive rights that permit their use only 
in conjunction with celanese. 



DYESTUFFS AND THEIR APPLICATIONS 


1279 


(la) Carded or partly spun fiber in the fomi of slabbing, tops and 
rovdng. 

2. Yarn in the form of skeins, and continuous chains of warp. 

3. Piece goods or woven cloth. 

In the older methods the dyeing process was carried out by hand. 
Tlie raw stock was worked, turned over, and more or less constantly kept 
in motion by long poles. The yarn was dyed in the form of skeins which 
were suspended above the rectangular dye tubs by means of cross sticks 
and the skeins were frequently turned end for end and the sticks moved 
back and forth from one end of the tub to the other. 

While these processes are still used especially for the dyeing of loose 
wool, most dyeing is now done by means of machines. 

These machines arc of two types, first, those in which the material 
being dyed is circulated through the dye liquor which is more or less sta¬ 
tionary and second, those in which the material being dyed remains sta¬ 
tionary and the dye liquor is forced through it, usually by means of rotary 
pumps or propeller blades. 

Cloth warps and skeins arc more frequently dyed by the first method, 
while raw stock, tops and slabbing arc most frequently dyed by the latter. 

In recent years, many machines have been devised for dyeing yam in 
the fomi of beam.s of warp ‘ and cops ~ in order to save handling and 
rewinding. While in some instances these processes have been successful 
as, for instance, in the case of the Franklin Process machine, and the 
Brandwood beam dyeing machine, they are for the most part still in the 
experimental stage. 

Textile Printing. Textile printing differs from dyeing in that the color 
or colors applied are confined to certain portions of the material, thus 
producing definite designs or patterns. The chief object of textile print¬ 
ing is the production of a pattern fabric in colors at a low cost, the dupli¬ 
cation of which by weaving would be excessively expensive or impractic¬ 
able for some other reason. 

In cotton printing, perfectly plain cotton cloth commonly known as 
print cloth or calico is used, and the patterns produced are wholly inde¬ 
pendent of the weave. There are, however, what might be tenned fancy- 
prints, where the finished design or effect is produced partly in the loom and 
partly in the printing machine, and other cases by the combined effect of 
printing and mercerizing, or printing and embossing. Only one side of 
the cloth is usually printed, but occasionally both sides are printed, either 
by passing through two different machines, or a special machine arranged 
so os to print both sides at the same time. 

The textile printing process proper is of a mechanical nature, but the 

• Beams are the large tightly rolled cylindcra of worp which are placed in the back 
of a loom. 

* CopH are small conically wound portions of yam which arc placed in the shuttles 
of a loom. 
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preparation of the various printing pastes or colors, as they are called in 
the works, the methods of applying them and their actual fixation upon 
the fiber involve a greater number of chemical principles and a greater 
variety of dyestuffs and chemicals tlian any other branch of textile coloring. 

Cylinder or Roller Printing. At the present time the cylinder or roll 
printing machine, which originated in England during the latter part of the 
18th Centur 3 % is used almost exclusively for textile printing. Although 
its mechanism has been greatly improved and its range of possibilities 
wonderfully extended since its introduction, the principle involved remains 
the same, namely: the passing of the cloth which is to be printed, under 
some tension, and very great pressure between an engraved (intaglio) 
metal roll (usually copper), the engraving of which is filled with color 
paste, and a large cylinder which is well padded with an clastic covering. 

Printing Proper and Application of Color. The modern textile printing 
machine, especially one intended for printing a number of different colors 
at the same time, is complicated and can only be properly handled by one 
who is acquainted with all its parts and who has had long experience in 
its use. 

To give anything like a complete description of the intracacies of such 
a printing machine, or discuss the many precautions and rules which 
must be followed in its use is beyond the purpose of the present considera^ 
tion. An attempt will, however, be made to explain the principles involved 
in its use. 

Brief Description of Printing Process. By studying Fig. 410, which 
represents a one-color machine in cross-section, the general principles 
of textile printing by means of the roller printing machine will be apparent: 

E li represents the engraved printing roll which bears (sunken below 
the surface) the design to be printed. 

The color box, pan or trough which holds the color paste that is to be 
printed upon the cloth is indicated as such. 

F represents the color furnisher, which consists of a revolving cylin¬ 
drical brush or felt-covered roll, half of which is immersed in the color 
paste. It revolves parallel to the printing roll with which it is brought in 
contact under sufficient pressure to completely fill the engraving of the 
roller with the color paste. 

The printing roll revolves in the direction indicated by the arrow 
head and the excess of color is removed, and the unengraved portion of the 
roller scraped perfectly clean by the color doctor C D, which consists of 
a metal blade (usually steel) with a very accurately ground edge. 

The printing is accomplished at the nip {N) between the printing 
roll and the pressure bowl or roll P B. This pressure roll consists of a 
large cylinder covered with a number of thicknesses of so-called “lapping” 
which furnishes an elastic and springy back for the cloth that is being 
printed. The pressure between the printing roll and the pressure roll is so 

great that the cloth to be printed is practically forced into the depths of the 

* 
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engraving bj' the expansive force of tlio lapping, as well as of the blanket 
and back cloth which are always run between the clotli and the pressure 
roll. The color is tliiis extracted by tlie cloth from tlu* engraved portion 
of the roll, while that portion of the cloth coming in contact with the 
unengraved portion of the roll, from which the color has been removed by 
the color doctor, remains unprinted. 

The lint doctor L D is similar in construction to the color doctor 
but is located upon the opposite side of the print roll. Its object is to 


♦ 
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remove lint and threads as well as any particles of partially dried color 
paste which might !)c carried into the color box. 

After leaving the printing machine the printed cloth is passed as 
quickly as possible to the tiryer. 

Styles of Printing. When the term style is used in relation to textile 
printing, the term refers to the chemist's or colorist’s part of the work, 
rather than the artistic or mechanical. The designer and engraver may 
determine the exact detail of the design, and perhaps the color combina¬ 
tions desired, but it still remains for the chemist or colorist to determine 
just how such colors and desired effects can be produced upon the cloth, 
and it is the particular operation or series of operations producing the 
effect which the printer designs as style. 
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There are a dozen or more different styles used in textile printing of 
which the following are among the more important; 

1. Direct printing style. 

2. Pigment style. 

3. Steam style with tannin mordant. 

4. Steam style with metallic mordant. 

5. Madder or dyed style. 

6. Ingrain or developed azo style. 

7. Discharged dyed style. 

8. Discharged mordanted style. 

9. Resist style. 

Sihjie /. Direct Printing. The term direct printing style has been 
used differently as well as vaguely by various authorities on printing. 
Some include the printing of pigment and basic colors, as well as mordant 
colors under this heading, and as a matter of fact it might rightly be 
said tliat every printing process involved direct printing. 

To avoid confusion, however, and to make our classification of styles 
as complete and concise as possible, we shall designate as direct printing 
only the printing with such dyestuffs as have a direct or self affinity for 
the fiber without undergoing any chemical change or requiring any special 
solvent or reducing agent as is the case with the sulphur colors and indigo 
and its derivatives. 

The direct printing style from this point of view includes only the 
printing of direct cotton colors, upon vegetable fibers and direct cotton, 
basic, phthalic anhydride and acid colors upon wool and silk. 

The dyestuff is prepared with the necessary thickeners and sometimes 
with the addition of certain assistants which aid in the penetration and 
fixation of the dyes. Very little direct printing is done upon cotton, as the 
only dyestuffs at all suitable are the direct cotton colors, and they cannot 
be used to any extent on account of their property of bleeding. 

With wool and silk direct printing is depended upon very largely. 

Style II. Pigment Style. This consists in printing directly upon the 
material some pigment in a very finely divided condition in conjunction 
with some adhesive substance which will hold it fast to the fiber. Albumen 
is commonly used for an adhesive as its property of coagulating renders it 
especially suitable for the purpose. It is readily soluble in water at ordi¬ 
nary temperatures and can be uniformly incorporated into a printing paste 
with the desired pigment and the necessary thickeners. After printing, 
the cloth is subjected to a steaming process during which the albumen 
coagulates to a very insoluble form which firmly holds the pigment upon 
the fiber. 

Style III. Steam Style. Tannin Mordant. This consists in prin tin g 
upon the material a color paste containing a basic dyestuff, tannic acid, 
and some volatile acid, usually acetic, but less frequently formic acid. 
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together with a small amount of some non-volatile organic acid, usually 
tartaric. 

After printing the cloth is steamed and then passed through a solution 
of some antimony compound, containing chalk in suspension, which com¬ 
pletes tlie fixation of the color. The whole process is followed hy a thor¬ 
ough soaping. 

SlyU’ IV. Steam Style. Metallic Mordant. This style is produced 
by using a printing paste which contains a mordant color, some metallic 
mordanting principle, and in addition a small amount of some organic 
acid, and the proper thickeners. The mordanting principle used must be of 
such a character as to readily undergo decomposition during the steaming 
proce.ss which follows the printing, thus producing a metallic mordant 
which will unite with the inonlant color and produce an insolui)le color lake. 

Style V. The Madder or Dy<d Style. The mad<ier or dyed style is 
produced by first printing upon the material some metallic mordanting 
principle which will readily liberate the actual mordant when the cloth 
is subsequently aged or steamed. The fixation of the mordant is completed 
by a dunging process.* The cloth thus printed and prepared is tlyed with 
a mordant color which unites with the mordant already present, producing 
a definite pattern. 

Style VI. Ingrain or Developed Azo Style. With this style no actual 
dyestiifT is used in any portion of the process, but the final result is the 
development of an insoluble azo color upon the fiber. 

Two reds, para red, a bright red similar to Turkey-red; and alpha- 
naphthylarnine red, a claret color, w’cre formerly used almost exclusively 
for this style. The former by printing diuzotized para-nitraniline and the 
latter diazotized alpha-naphthylamine upon cloth previously prepared 
with betu-nuphthol. More recently Naphtkol AS and related compounds 
have come into use. 

Style VII. DUcharged Dyed Style. In the production of the dis¬ 
charged dyed style the material is first dyed all over usually by the pad¬ 
ding process, or in the jig dyeing machine and less frequently in the ordi¬ 
nary string dyeing machine. Upon the cloth thus <lyed there is printed 
the so-called discharge which is a printing pjiste carrying some substance 
capable of completely destroying or decolorizing the dyestuff already 
present. 

A perfectly colorless figure may thus be produced upon a colored ground, 
or it is possible to introduce into the discharging paste some dyestuff 
which is not affected by the decolorizing agent, thus producing a colored 
figure upon a different colored ground. Various hydrosulphite compounds 
are extensively used for this purpose. 

Style VIII. Discharged Mordant Style. This consists in first mor¬ 
danting the cloth, then discharging the mordant by printing upon it the 

* The modern dunging proccas consists in passing the cloth through a bath contain¬ 
ing such alkaline fixing agents as chalk, sodium pbosphato and silicate. 
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proper (lisclinrp:c, and subsequently dyeing;. There are two quite differ¬ 
ent types of this style, one in which a tannin mordant is discharged by 
printing on a caustic soda paste and steaming, the material then being 
dyed with a basic color and another in wliich a metallic mordant is dis¬ 
charged by printing on some organic acid, aging and then dyeing with 
a mordant color. 

Shjh- IX. Sti/U\ As with the discharge style the object of 

the resist style is to produce a wliite or colored pattern upon a different 
colored ground. The appearance of the two styles may be identical in 
some instances and the chemistry involved in their production may be 
the same. The difference between the two lies in the fact that the color- 
destroying agent is first printed upon the cloth and when the dyestuff is 
subsequently applied absorption and fixation of color is prevented upon the 
printed portions. Colored resists may be produced by introducing into 
the printing pa.ste a color not affected by the resisting agent. 
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THE PAPER INDUSTRY 


G. F. LULL 

Paper Expert j Weetxvood^ Mom. 


Historical. The making of paper is one of the oldest of the arts. 
There have been found rolls of papyrus made, about 6000 years ago, by the 
ancient Egyptians out of the papyrus plant, a reed that grows today, 
wild, along the banks of the Nile. The Chinese, from whom the Europeans 
received their early instruction in the art, made paper from the inner bark 
of the mulberry tree upon which they made records of incidents that they 
desired to preserve for posterity. 

Parchment made of the skins of animals was also used for many years 
for records. Erasures of old records were common, so that the parch¬ 
ment might be used again in order to save the cost of buying it anew. 
The chemist, in a number of instances, has reproduced successfully these 
older records thus bringing to light some very valuable writings. Prob¬ 
ably on account of the ease of making, using, carrying and handling these 
parchment rolls they came into general use. 

Until about the year 1800, paper was made out of cotton and linen 
rags, using the crudest of machinery and producing what is called “hand¬ 
made paper.” Awakening along inventive lines in this art seems to have 
started somewhat before that time, as we have accounts published in 
1765, suggesting the making of vegetable tissue into pulp and bleaching 
it into paper stock. Straw, wood, bark, hornet’s nests, hopvines, cab¬ 
bage-stumps, thistle stalks, burdock, and peat were all mentioned as 
suitable material for this purpose. 

Today, to a limited extent, the raw stock used consists of cotton and 
linen rags, wood fibers, straws, old ropes, and jute. Many other vegetable 
fibers are also used. The varieties of paper and allied products are too 
numerous to attempt to describe individually in a small chapter. Deter¬ 
mination of the different fibers is accomplished by aid of the microscope 
and the chemical reagents which are described by Cross and Bevan, Herz- 
berg, Hohnel, as well as other authors and investigators. In general, each 
fiber has some peculiarity of construction or reaction by which it can be 
separated and accurately determined. Exhaustive work in microphotog¬ 
raphy has furnished excellent descriptions that can be easily followed in 
making examinations of unknown fibers. 

1286 
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Raw Material. At the present time tlie manufacture of paper has two 
principal bases of supply. One of these is cotton and linen, the other is 
woo<i. Out of rap:s are made the highest pnides of paper. Today a larg<‘, 
increasing part of our supply of wood for the Northern and Middle West 
mills is brought in from Canada and even from the Pacific Coast States. 
It is estimated that 98 per cent of our paper is either wliolly made from 
wood or has a percentage of wood products in its composition. The News 
Print Bureau for 1923 says the United States manufactured 1.448,000 tons 
of news print paper and Canada or the rest of North .\merica manufac¬ 
tured 1,152,000 tons of the same stock, a total of 2.600,000 tons. The 1923 
United States Department of Agriculture “Year Book” publi.shes— 
Acreage of crops for filx’r left in the U. S. A., 32,000,000 acres; one-half 
in the South, one-eighth in New England, one-eighth in Lake States, ami 
one-quarter in Western States is the summarj’ of the condition of the 
forests which arc being cropped four times as fast as the wood can grow. 
It takes from 30 to 40 years for pulp wood to grow. A numlK*r of aban¬ 
doned mills, situated on good water-power sites, have lx‘en converted 
into hydro-electric plants. In 1922, 3,521,644 tons of paper were made 
in the United States, and an estimate of 5,000,000 cords of wood annually 
removed. There is a large amount of wood in the Southern States that 
is now usable in the sulphate-kraft mills that the others arc unable to 
procure. If the United States is to hold its supremacy in the manufacture 
of papers, use must l>c made of other sources of supply of fibers—more 
of the various so-called straws, of which several million tons are 
annually grown in the United States. Cotton linters are now being 
used in out best papers. Others now called “wjiste products,” such 
as flax straw, tows, etc., must follow to supply the demand for fibers for 
paper. 

Immense quantities of wood are made into paper by grinding (see 
Mechanical Process) and by chemical treatment (see Soda Proce.ss, Sul¬ 
phite Process, Sulphate Process). Straws of different kin<ls, as r>'e, wheat, 
rice, yielding a short, weak fiber, and flax, yielding a long strong fiber, 
are converted into paper stock by chemical processes, generally a modi¬ 
fication of the caustic soda treatment. Jute, hemp, manila (one of the 
strongest fibers), sisiil, New Zealand tow, esparto, and similar fibers arc 
also generally cooked in rotary digesters under the caustic soda treat¬ 
ment, as are cottonseed hull linters, cotton stalks, com stalks (giving 
interesting by-products of cattle food) and many others when they can 
be made to yield a fiber at a profit. 

Rag Paper. All linen and cotton rags can be converted into different 
grades of paper according to the kind and color of the rags. Great care 
is used in sorting rags before delivery to the paper mill so as to get a uni¬ 
form kind of rags of the same color. Buttons, pieces of metal, sticks, 
stones, rubber and all foreign articles, must be removed. 

The treatment of rags in the mill is as follows: the rags are delivered 
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at the mill in strap-iron bound bales about 3 ft. square and 5 ft. long. 
Often several liundred tons and .sometimes two or three thou.sjind tons 
are kept on hand. 

'Fhe rags in bales as demanded for u.se are taken to the rag room where 
the bales are oi)ene<l by women who make the final sorting, inspection 
and cutting. 'I'lie finest sort goes into the best of writing paper. From this 
high standard to the pasteboard and chejipest wrappers arc many grades 
.suppli(‘d by the different {piality of rags. 

A scythe-shaped knife is fastened in a vertical position to a table by 
which the operator cuts the rags fine or of)arse, and also separates out all 
foreign matter that may be seen. At tins stage the rags pass to the 
mechanical rag cutters that cut them up into .small pieces so that the 
dutifer through which they ne.\t pass can remove much of the loose dirt. 
Those rnacliincs dust out oftentimes 5 per cent or more of the weight of 
the rags and al.^^o open them up so that the chemicals, milk of lime or 
soda ash, in the rotan'ea or cookers into which they next are placed can 
better penetrate and act upon them. 

Rag Boilers. Hag boilei-s are of several types. The .stationary upright 
cylinders are provided with a manhole on top for filling, the cover to 
which is bolt(‘d on or held up by yoke and bolts. By the opening of a 
valve, at the bottom, the contents are blown out, due to the pressure 
(generally about 30 to 50 lbs.) maintained for six to eight hours during 
the cooking. Steam for cooking is admitted at the bottom and the liquor 
circulated by an outside pump or by an injector inside the digester. 

Rotaries are horizontal cylindrical-shaped steel tanks 10 to 20 feet 
long and 6 to 8 feet in diameter with heads riveted on each end, each 
head having a journal upon which it rests and is turned during the cook¬ 
ing process. Hence the name “Rotary.” Through one of these journals 
steam enters for cooking. The rotary may have one or two manholes 
with covers affixed, as in the upright, for filling in the stock. During the 
filling men go into the “Rotaries” and pack the stock into the ends so 
as to get in enough to properly fill the boiler. 

Rag Boiling. The chemicals, a certain number of gallons of a solu¬ 
tion of caustic soda or soda ash and caustic lime, or a milk of lime made by 
slacking and boiling caustic lime in water are added. In all cases where 
lime is used it should be strained in order to remove unslacked parts 
before being passed into the cooker. When the liquor is all in, the covers 
arc adjusted and the steam turned on. The pressure generated (generally 
15 to 30 lbs. to 50 lbs.) and the chemicals reduce the foreign matter, 
such as grease, loading materials, dirt, etc., and open up the fibers so that 
in the next operation of beating they can be perfectly cleaned and reduced 
to the desired length. Some manufacturers blow off the cooking liquor 
of the rotaries and run in fresh water to wash the stock in the rotaries, 
but generally the stock is dumped as soon as cooked and pressure lowered 
by removing the covers of the manholes. Sometimes the stock is allowed 
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to stay in piles for several days in or<ler to ript'n after it is eooked. It 
is eventually taken to the lx*ater engine. 

Beater Engine. This is a Holland invention, sonu'tinu's called a 
Hollander, for washing, heating ainl retlucing the fibers of the paper stock 
made in various shapes and sizes. The following is a general description 
of a tj’pe: The beater engine is an o\al-shaped tub about 20 ft. long by 
about 3 ft. high by about 8 ft. wide. It is made of wood or iron shell 
with floor of wood or cement and i.s often lined throughout with copj>er. 
A partition, the “Midfeather,” e.xtends as far as the n'ctangular part of 
the body. A beater roll 4 to 5 feet in diameter with heavy knives par¬ 
allel to the shaft is fitted into its face and is .suspended in one of the divi¬ 
sions, nearly filling it. This roll can be raisetl or lowered, by the beater 
man, nearly onto the bedplate, which is a number of ste<‘l plates standing 
on etlges bolted together. The raising or lowering of the roll determines 
the ultimate length, and in a great measure the condition of the fiber when 
finished. Betwetm the roll and the betlpl.ate all of the stock must pa.ss. 
The circulation of the stock around the beater i.s given by the roll whieli 
acts JiS a paddle wheel. While the stock is washing, clean water is added 
at one side of the roll. This i.s thoroughly mixed with the stock as it passes 
under the roll and on the other side a revolving drum washer with a 
fine wire on its face is pros.sed into the pulp. The dirty water is thereby 
removed from the stock. 

This process is continued until the stock i.s clean, tluring which time 
there is but little cutting done by the roll or bedplate (as the roll is raised). 
At this point the stock is often bleached in the beater by means of a solu¬ 
tion of calcium hypochlorite, generally called bleach. This bleach is 
made by mixing common bleaching pow<ler with water preferably in 
concrete tanks, in a series of three or four, in or<ler that the bleach may l)e 
made, settled, and the sludges w.-ished to a final tost of about B(^. when 
it (the sludge) can be thrown away; using the clear wjishing liquors to 
build up or to mix the bleaching licpior for the right test. Only a clear 
bleach solution, testing about 4 to 5® B6., should Ijc used. Heating the 
stock carefully is frequently done, to hasten the bleaching, e.specially in 
the continuous bleaching systems. B, and sulphuric acid are sometimes 
used to liberate the chlorine. Many mills have installed electrolytic cells in 
order to treat ((salt) .sodium chloride] solutions, thereby making their own 
caustic soda, bleaching liquors and other products. 

Chlorine gas in cylind(?rs or tank tars (under pre.ssures up to 100 Ib.) 
is delivered to some mills, thereby dispensing with the bleaching powder, 
its mixing apparatus and the sludge that must be disposed of. It de¬ 
mands close attention to prevent burning and rotting the stock. 
When bleached to the requisite color the stock is either dumped to a tlrainer 
to finisli the bleaching or to l>c thoroughly washed; or it is washed in the 
beater by the addition of more water and often some untichlor is added to 
hasten the killing of the bleach. Washing is kept up until these chemicals 
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arc washed out, then the roll is gradually lowered and the pulp is reduced 
to the proper condition. When nearly “ready,” the required color, if any, 
is put into the beater, then size, if it is to be engine sized, is added. The 
size is made with soda ash about one part, rosin about four parts, dissolved 
and then thoroughly boiled in water, well diluted, and then alum is intro¬ 
duced to set the sizing onto the fibers. The stock is run in the beaters a 
short time and then dropped into the stud chest, where it is kept well 
stirred until it is wanted on the paper machine. 

Jordan Engine. In its passage to the machine the stock is generally 
run through a Jordan engine that reduces its fibers to final readiness for 
the slieet of paper. This engine is a cone-shaped plug, about 4 ft. long, 
made up of steel bars and hard wood, that fits into an iron sleeve or hollow 
cone made to receive it, being lined with a filling similar to that on the 
plug. Through this Jordan all the stock passes and by the closeness 
of the plug to the sleeve the stock is finally reduced to the proper con¬ 
dition for the machine. It is then sent to the machine stuff-^hest from 
wliich it is pumped to the jlow 6ox, where the right quantity of water is 
added to make it flow properly through the screens. The screens remove 
all particles too coarse to go into a sheet of paper. The stock passing 
through the slots, which arc generally about of an inch in width, 
drop to the apron and then onto the wire of the machine, if it is a Four- 
drinier. 

Robert Patent. In about the year 1799 Robert took out a patent in 
Franco on a machine making endless paper. Not being successful there, 
he associated with Fourdrinier in London. They spent S300,000, which 
at that time meant more than it does now, in their endeavors to put 
their machine into general use. They were never financially rewarded, 
but their machine, “The Fourdrinier,” revolutionized paper making, 
creating a foundation upon which has been built one of the largest industries 
of the United States. 

Fourdrinier Machine. Paper may be made on the Fourdrinier 
(Fig. 411) type with a wire at the wet end upon which to form the sheet; 
the Harper type with felt and wire, or the cylinder machines, the differ¬ 
ence being principally at the wet end, where the paper is formed. The 
drying ends are as a rule similar. The cylinder machines have from one 
to six vats with cylinders in each, making a sheet of paper that is laid on 
the next in front so that when finally they go to the felt it is a built-up 
sheet of one, two or more sheets of paper according to the number of vats 
used to make it. When dry the whole sheet can be split up into the dif¬ 
ferent sheets it is made of. Much of the heaviest paper is made on this 
machine, which, however, is not a fast running one. 

The paper machine in general use for news and many other kinds 
of paper as well as rag is the “Fourdrinier,” which, while it does not make 
as thick a sheet as the others, can make light as well as medium weights 
easier, change quicker, run faster and produce a good tonnage. 
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Fio. 411.—Fourdrinier. 
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The wire of the Fourdrinior machine is made endless, i.e., its ends arc 
woven together so that it will pass around the rolls like an endless belt 
and it is str(‘tche<l out like a liorizonfal oblong table. It is supported 
by a series of brass rolls at intervals, as demanded by the work to be done. 
Its width varies from 30 to 200 ins., the length varying in due propor¬ 
tion. A rubber deckel strap about 2 ins. square runs at each side to 
hold the pulp and water on the wire, also by the moving in or out of the 
deckel straps, the width of the sh('(‘t can be changed to meet the demand. 
The proportions of these parts are such that the sheet of paper can remain 
on the wire long enough to get rid of its superfluous water by draining 
through the wire, by squeezing out water in passing between presses, 
couch rolls, over suction boxes, etc. 

This wire is one of the most important and costly parts of the machine. 
Its condition means (he appearance of the sheet of paper. Great care 
is taken to keep knots of stock, stray pieces of iron or wood or any hard 
foreign matter, off the wire as a puncture, a tear, or any damage to it means 
a shut down of the machine until it is made as nearly perfect as possible. 
The wire must be kept clean .so tliat the water can freely pass through 
it anywhere. Should it plug up, the stock is shut off and the plugs cleaned 
off, as a thin spot in the sheet of paper would show each time the spotted 
section carried the sheet along. The sewing of the wire is a delicate 
piece of work and mu.st be done so as to match the weave of the wire, 
and not leave a mark on the sheet of paper. The sheet of paper is fully 
formed on the wire. While in the forming state the fibers of the sheet 
arc felted together by the shaking motion, which, although a very short 
stroke, in itself seems to make a felting of fibers that distinguish a tough 
Fourdrinier-made sheet from a C 3 ’’linder-m;idc sheet, wherein the fibers all 
run in about the same direction. There is also often a dandy roll that 
places a name or figure in the paper, such as one can see when it is held 
up to the light. This stamps the name into the sheet of paper while 
it is wet and is sometimes called a “watermark.” With all this manipu¬ 
lation two-thirds of the weight of the sheet of paper before going to the 
steam dryers is water. 

At the end of the wet end nearest the dryers is the last press through 
which the wire passes. The sheet of paper will now be well formed and 
leave the wire and stick to the surface of the top roll. A sharp-edged 
scraper, called a doctor, prevents the sheet from passing entirely around 
the press. At this point the back tender strips off the roll a 2- or 4-in. 
wide piece and carries it across the gap to the first dryer. As the speed 
of the machine is from 60 to 600 ft. a minute for this sheet of paper much 
dexterity is required at this place. A man stands at the press roll, grad¬ 
ually working the strip that he started tearing off at the end of the 
press, across to the other end, making a diagonally cut sheet that event¬ 
ually grows from the 2-in wide strip to one the full width of the sheet 
of paper. The newest and very wide fast running machines have an 
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automatic arrangement by which the wet sheet is carried from the last 
press to the dryers. This automatic carrier is of great as.sistance to the 
machine tender and lessen.s the amount of “l)roko” made in starting and 
running the machine. 

The dryers are steam-heated hollow cast-iron cylinders 3 or 4 ft. 
or more in diameter with a width of from 36 to 200 in. as the machine 
may be built, placed one above the other as shown in Fig. 411. A strong 
cotton duck dryer felt i.s held up to the bottom dr>’ers by rollers in order 
to hold the wet sheet up to the hot surface. The sheet of paper goes 
about two-thirds around the bottom dryer, up and over to the top dr>'er 
where it comes into contact with as much of that surface as it can and 
drops down to the second l)ottom <lr>’cr. This is repeatetl until it has 
come into contact with all of the dryers of the machine (ten or si.xty, 
accortling to the make), when it leaves the machine and is passed by 
hand to the reel or up to the top pair an<l down between the others of a 
stack of calender rolls between which it is run to smooth or polish the 
surface of the sheet. From the calender (Fig. 412) it passes to the reels; 
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from the reels through the slitters that cut the sheet into the width desired 
and then to the winders, where it is wound up into rolls. When demanded 
these rolls arc taken to an apparatus called a super-calender, where the 
surface of the sheet is further polished by running between heavy steel 
rolls, and then it goes to the cutters, where it is cut up into any size of 
sheets demanded. From the cutters it goes to the counters. These, who 
are generally girls, count out the sheets into 12, 24 or 500 sheets, ready 
for the finisher and packers who make up the packages of paper as they 
are ordered for the trade. 

Wood Paper. Wood paper is made principally from logs from the 
woods where the trees are felled and cut up. They arc either floated by 
river or taken by railroad to the mill if to be converted into paper. Many 
mills are located contiguous to a saw mill in order to use the waste there¬ 
from to help out the supply of wood. From the different varieties of 
spruce, pine, fir, hemlock, poplar, and other woods, we obtain practically 
all of our newspaper, nearly all even of our book paper, and a large por¬ 
tion of bur writing papers. 

* . • A 
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On tlio arrival of tho wood at the mill, if it is to be chemically treated, 
it is generally piled up so that it maj*^ drj'; it is allowed to thus season in 
the pile for one, two or perhaps throe years. This seasoned wood loses 
much of its sap aTid water and requires less chemicals to convert it than 
tlie green wood directly from the forest. For the mechanical pulp a fresh 
green wood proihices bettor fiber and is more easily ground than the dry 
seasoned wood. For anj’ of the treatments the bark must be removed, 
whicli is done in many mills by a machine called a barker, or by the hand 
draw-share. Many large mills today use the revolving, continuous barking- 
drum, which holds several cords of wood. The drum revolves, immersed 
partially, in flowing water. The wood is continuously fed in at the high 
end. The water softens tho bark and the rubbing of the pieces of wood 
against each other in the revolving drum as they pass to the low end of 
it loosens tho bark and dirt so that a generally cleaned stick is delivered 
at tho outlet. The wood is here inspected, all bark in seams, knots, and 
other dirt is removed, as cleanliness must be commenced here and contin¬ 
ued to the end of the finished sheet to produce a clean sheet of paper 
free from specks and dirt. 

In the wood paper industry the principal methods of treating wood 
to protluco fiber are by grinding, producing ground wood or mechanical 
fiber, and cooking by either the caustic soda, the sulphite or the sulphate 
process. 

Mechanical Process. The mechanical process consists of placing 
blocks of wood about 18 in. long in apertures, called pockets, of a heavy 
cast-iron frame that encases a large grindstone. This grindstone revolves 
at about 200 revolutions per minute, a stream of water plays against its 
face to keep the wood from burning, as it is pressed against the face by 
hydraulic pressure of about 30 lbs. The result of this is the reduction 
of the wood to a fine pulpj' mass, which is called mechanical pulp or ground 
wood. This is floated by water on to a coarse screen by which the pieces 
of wood that have not been ground up are removed. The pulp goes to 
a fine screen through which the mechanical pulp, that is, the right kind 
to go into tho making of newspaper or other papers, passes. This pulp 
now goes to the beaters in the beater room to be mixed with sulphite pulp 
or other stock, according to the grade of paper it is desired to manufacture, 
and from the beaters goes to the paper machine, as described under Rag 
Paper, or to a wet machine, which is an apparatus for getting the pulp 
into a state dry enough to handle. The Wet Machine is a wooden vat 
6 ft. wide, 8 ft. long and 5 ft. deep, into which the mixture of water 
and ground wood is pumped. A bronze cylinder about 3 ft. in diameter 
by 6 ft. long, covered with a brass wire net of 60-mesh, is immersed in 
the mixture in such a manner that the water passes through the meshes 
of the wire, leaving the pulp sticking to its surface. A coarse woolen 
blanket called a felt is pressed against the cylinder mold by a heavy 
couch roll. The blanket automatically picks off the pulp from the face 
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of the cylinder, carries it along on its siirface over a suction box and 
between lieavy press rolls that extract quantities of water from it and 
leave it with from 35 to 50 per cent of pulp. One of the rolls of tlie press is 
of hard maple wood which picks the pulp from the blanket when it comes 
in contact with it. As the p^ress roll revolves the pulp) is continuou.'^ly 
added to it from the blanket until the sheet is thick enough in the judgment 
of the i)ress tender, who then with a sharp>-pointed wooden pin cuts it 
off by p)a.ssing the point under the sheet close to the wootl roll, across the 
face of the roll. The sheet of pulp is rolled off on a table, folded up), weighed 
and is then ready for ship)inent or storage. 

Chemical Pulp is made by treatment with either caustic soda, bisul¬ 
phite liquors, or .sulphate liquors. Soda fiber is made by treating popilar 
and similar wood with cau.stic soda in digesters, which are large steel 
boilers. This process was p)ut into p)ractical use in 1875. 

Soda Process. The caustic soda licjuors are made in the paper milLs 
using tliis method by dissolving soda ash in water, and to tins solution 
adding about 55 to 60 per cent of freshly burnt p)ure quicklime, bringing 
the mass to a boil, mixing it thoroughly by stirring, then allowing the 
calcium carbonate, which is produced by the reaction with the soda ash, 
to settle to the l>ottom. The clear caustic liquor is sip^honed off, the 
lime sludge is washed two or three times with water to renmve as much 
of the caustic soda as possible. Attempts have been made to reclaim this 
lime sludge by dr>ing it and reburning it, but this is seldom done. 

Poplar wood and kindred specie.s are principally used in the soda 
process, as they yield most easily to this treatment, requiring a smaller 
amount of caustic soda for reduction than do other wootls. The well-sea¬ 
soned wood from the piles, where it has lain for a year or more, is brought 
to the mill, where it is inspected and all bark, dirt an<l black knots removed, 
as the.se make objectionable color and tlirt in the pulp and paper. These 
sticks of wood are then taken to a machine called a chipper, which slices 
off the wood into slices similar to a sliced onion that break into chips about 
J in. long by 1 in. by \ in. The thickness of these chips will genemlly 
be the annual growth of the wood. The chips arc screened to remove 
the sawdust, knots and coarse pieces. The.se coarse pieces, passing 
through a re-chipper, arc reduced to the proper sizes. As the sawdust 
produces a fiber which Ls too short for use and if allowed to remain 
mixed with the wood would consume a proportionate amount of chem¬ 
icals, it is carefully screened out and is used for fuel. Many experiments 
have been tried for the utilization of sawdust for fiber but none have as yet 
proved successful. The chips arc stored in large bins by conveyors placed 
over the digesters into which they are run through spouts by gravity. 
These digesters for the soda process are made of steel 1 in. thick and are 
sometimes 50 ft. high and 10 ft. in diameter. They are filled full of 
chips and then is added a certain amount of the caustic soda solution of 
a density of 8 to 10® B6., according to the character of the wood to be cooked. 
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When filled, the cover of the digester is bolted down and steam is turned 
on tiirough the bottom. In the sod;i digesters there is a false bottom 
which allows the hot Ihiuor to pass down through it. There is generally 
an ejector under this false bottom through which ejector steam is passed 
which lifts the* cooking liciuor at the bottom, carries it through a pipe to 
the top of the digester and sprinkles it over the chips, thus making a 
continuous circulation which jiroduces thorough cooking. The cooking 
of the chips dissolves everything but the cellulose, the fibers. When 
completely cooked, the contents of the digester will be found to have 
shrunk one-quarter to a third of its bulk, but the chips retain their original 
form at this point. 

A cooking pressure of 90 pounds is maintained in the digesters for from 
eight to ten hours with frequent opening of the relief valve at the top 
to draw off gas. A sample of pulp is drawn to ascertain if the wood is 
properly cooked. When the operation is completed a valve of 6 or 8 ins. 
diameter at the lower part of the digesters is opened and the entire 
mass is violently blown out of the digester by pressure into a suitable 
receiving tank. This violent action and the impact of its contents serves 
to shatter or destroy the original form of the chips and a p\ilpy mass of 
fiber results. The liquor, which has been employed for the reduction, 
now called black liquor, is carefully drawn off, by repeated washing with 
weaker liquors or water in the wash tanks, evaporated to a consistency 
of 35 to 40® B6. by means of some suitable multiple-effect evaporator. 
It goes now to a rotary furnace, where it is further dried and the tar 
and other wood products are burned up, leaving the soda mixed with 
charcoal. This black mass is called “black ash,” and is put into the 
tank. The soda which it contains is leached out and is used over again 
with addition of fresh soda ash and caustic lime. A recovery of from 
85 to 90 per cent of the original soda ash used is generally obtained and 
this materially reduces the cost of chemicals employed. The profits of the 
mill arc largely dependent upon this part of the manufacture. All soda 
fibers, when cooked and washed clean from the cooking liquors, are some¬ 
what colore<l and if a white paper is desired they must be bleached to the 
desired whiteness. If a colored paper is demanded, the color desired can 
be made in many cases without recourse to bleaching. The pulp, when 
washed clean, is passed through screens which remove from it uncooked 
wood and coarse matters and cither goes to the beaters where it is mixed 
with other fibers in the beaters to make the desired grade of paper or it is 
bleached, if required, and then pumped to the wet machines previously 
described, to put into condition for handling in shipment or storage. Soda 
fiber is a soft stock and is largely used in the better magazine, book and 
writing paper grades. It is of a soft, spongy-like feeling to the fingers and is 
a quality desired in paper used for books. It is a fiber that does not dete¬ 
riorate by time as the chemicals that have"produced it do not have a rotting 
effect upon it unless it is overbleached. 
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Sulphite Process. Sulphite fiber, perfected in 1S85, is made by 
treating spnice and similar woods with sulplmrojis acid, combino<l with 
lime and magnesia, in special <iigesters made by lining to withstand the 
action of the corrosive acids. The largest amount of chemical fil>er is 
produced by tins process. The spnice, fir and hemlock from which most 
of this pulp U made is piled, dried, clcanctl, chippe<l and screened and 
conveyed into the chip bins above the digest<Ts practically in the same 
manner as for the soda process. The digesters for this process are built 
of heavy' 1-in. steel and are veiy’ large, being often 50 ft. high by 18 ft. 
in diameter, made to contain 20 to 30 cortls of wood at a charge. 

On the inside of these digesters there is generally placed a protective 
lining of lead fastened to tlie sliell of the digester or a backing of about 
6 ins. of Portland cement plastered on to eveiy’ part of the inside steel 
shell of the digester, then up against this cement is laid an inside facing 
of vitrified aci<l-proof or other !)rick laid up in a cement made of Portland 
cement, litharge and glycerine, because the aci<l, if it comes in contact 
with the steel, would attack it. Great care is used in protecting the inside 
shell, and in properly conducted mills examinations arc made of it after 
each blow to see that no injury is taking place to the lining. 

These digesters arc loaded full to the top with chips and bisulphite 
liquors run into the digester to within about 3 ft. of the top. The bisul¬ 
phate or cooking acid is made by burning brim.stone in specially built fur¬ 
naces. In some of the countries of Kurope pyrites, on account of its cheap- 
nc.ss, is used instead of the sulphur, but it has not b<*en found profitable 
to use pyrites in this country. The greater part of the sulphur used in 
this country comes from the underground sulphur mines of Texas, 
where it is obtained by forcing superheated water tlowm a pipe which 
melts the sulphur and forces it up the ca.sing as a brow’n liquid. The 
melted sulphur is run off into piles where, when cool, it returns to its 
yellow sulphur color. Louisiana sulphur * has practically driven out of 
the market, in this countiy', the Sicilian sulphur formerly used. When 
the Louisiana sulphur came into use much trouble was caused by the 
impurities that it contained which would fonii a coating over the molten 
surface and prevent the formation of the sulphur dioxi<le gas. This difficulty 
is now overcome by the invention of rotary and agitating burners. The 
gas is generated by burning sulphur in the furnace admitting the right 
amount of air so that the chemical combination of two atoms of oxygen 
with one of sulphur may take place. To further insure a combustion 
a chamber is attached back of the furnace where a further supply of air Is 
carefully admitted, bringing the sulphur dioxide gas to 14 to 18 per cent. 
The gas first goes through Ciist-iron pipes to cool it, then it enters lead 
pipes immersed in cold water to further reduce the temperature. It next 
passes successively through three or four wooden tanks containing milk 


* This process of mining sulphur originated in Louisiana. 
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of lime to absorb the gas. The milk of lime best suited for this purpose 
is made from dolomite often carrying 45 per cent of magnesia. The gas 
enters the tank at the bottom, leaves at the top and then mixing with the 
milk of lime in successive tanks till the sulphur dioxide is all absorbed and 
the residual air passes out of the heavy vacuum pumps that pull the gas 
from the furnace to them. Or the gas may be absorbed by the tower 
system, when it is passed into towers about 100 ft. high, where it comes in 
contact with limestone and water and by its acid action on the lime rock 
produces the liquor necessary for the reduction or cooking of the wood. 
The strengtli of the acid is tested by iodine solution, using starch as indi¬ 
cator and is generally run at a Bd. strength of 4 to 6® containing the proper 
amounts of free acid and combined acid according to the wood that is 
to be cooked. 

The digester having its complement of acid is scaled and relief pipes 
connected to the top cover. The digester has no false bottom and the 
steam is applied directly through its cone-shaped base. The circulation 
of the digester depends on the passage of the steam into the bottom, 
working its way up through the mass of chips and liquor, causing the sul¬ 
phur dioxide to break loose from its combination with the lime and 
magnesia, the resultant gas being relieved through the escape valves 
on the top of the cover. This gas, as well as the liquor that is blown out 
through the relief pipes, is valuable up to two-thirds or more of the time 
of the cooking. They arc cooled by running them through lead pipes 
immersed in cold water and are mixed with fresh cooking liquors. This 
is the only method in use at present of reclaiming the sulphur. There 
has not thus far been invented any system of circulation for the sulphite 
cooking such as is in use in the vertical soda digesters. Both the soda and 
sulphite processed have digesters or cookers that are placed horizontally 
and are rotated, but they are not used as much as the vertical or upright 
digester on account of the extra labor required to fill and to dump them. 
The vertical digesters are self-emptying, thus lessening the cost of labor 
and time. 

In the cooking of the sulphite pulp in the digester the mass of chips 
shrinks as in the soda process. During the process a pressure of 90 lbs. 
is maintained in the digester and the temperatures run as high as 350° F. 
The quick cooks are made in six to ten hours, the slow cooks are steamed 
from thirty-six to seventy-two hours. The slow cook produces the 
strongest fibers that we have and uses a weaker strength of chemicals 
than the quick cooks. The vertical digestere are discharged in a similar 
manner to the soda ones. The pulp on being blown out strikes a bronze 
plate called a target and is almost white. The cooking liquor is at once 
washed out of the pulp by flooding the tank, into which it is blown, with 
fresh clean water. The tank has a perforated bottom connected to the 
sewer, with a valve so as to control it easily. The water used for the 
washing, strange to say, must be pure and more care taken to insure 
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its cleanliness than with the water we generally <lrink. This waste 
liquor has b(‘en oxporiinented on extensively, but up to the present time 
it is found to be of value only in tanuinp; and as a binder for slack coal 
in making briquets for fuel. The cooking acid must be thoroughly 
washed out of the sulphite pulp, Ix'cause if it is m)t the color of the pulp, 
it will turn pink or <larkeu to a light-gray slate color. After washing 
the stock is pa.ssed througli screens with mesh not finer than jn hi., 
through which the fiber itself pa.sses, leaving behind the knots and un¬ 
cooked pieces and coarse stuff, which are sent to the scrap heap to be 
ground up. When sulphite pulp is to be shipped to another mill or 
piled up and stored it is run over the urt machine whicli has been previ¬ 
ously described. If there is a newspaper mill connected with the plant, 
tlie ground wood and the sulphite are each pumped to it and mi.xed 
together in the beating engines. The common newspaper is nuule up r)f 
nearly 100 per cent of gro\md wood pulp. Some pap(‘r may have 5 per 
cent or even 10 per cent of sulphite puli); other news may be made up of 
ground wood pulp and recovered news, or recovered “book’’to strengthen 
up the ground wood. Some size and alum is added and a little blue and 
pink aniline also to give it the required white tint. After boating in the 
engine from a quarter to a half-hour, the stock is dropped into a stock 
chc.st, wliencc it is pumped to a .Iordan engine, which shortens the fiber 
to the proper length for the sheet of paper. From the Jordan engine it 
goes to the stock chest that supplies the paper machme, being the same 
type as the one descrii)ed to make rag and writing paper, only it is much 
heavier, costlier, and runs faster. Some of these machines are ver>' exjien- 
sive and are mar\’els of beautifully adjusted mechanism. Tlie different 
parts arc so accurately adjusted that from the flow of the wet stock onto 
the wire to the winding up of the dried sheet of paper as it comes through 
the calenders it moves with perfect adjustment whether the speed be 300 
or 650 ft. or more per minute. 

The Sulphate Process, Kraft-paper. With some modifications this 
process is similar to the “caustic soda process.” The Dahl patents issued 
in 1884 cover mtich of the process as is in practice today. The liquors 
are made caustic by the addition of freshly burnt lime, the waste of the 
soda is made up by the addition of salt cake. The percentages of the 
chemicals must be accurately determined, generally keeping about seven 
parts of caustic soda to four parts of sodium sulphate. 

Woods that hardly yield to the other processes are easily converted 
into sulphate or kraft. Most of the conifers, and some of the other woods, 
are treated successfully. The resultant fiber is much the strongest of the 
wood fibers and is seldom if ever bleached. 

The yield of fiber is high. The recovery of the liquors is the hardest 
part of the process and special incinerators have had to be devised to help 

the conversion back to the carbonate. 

There are very few mills making kraft in this country—less than 50, 
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and they arc generally placed in thinly settled sections because the waste 
gases are very offensive. 

Paper from Waste Paper. This has recently become a big industry in 
itself. Many of the cities have paper waste gatherers wlio pick up, sort 
over, and bale up tons of paper daily, all of which goes back to the paper 
mill to be made over into some form of paper, wrapping, sheathing or 
boards. There are several types of shredders as well as cookers and washers. 
When a light-colored paper is desired the use of chemicals becomes neces¬ 
sary. For boards the papers are fed into the beater engines and beaten 
up, washed, steamed, and when in fine enough condition, are ready for the 
machines. 

Wastes. The paper mills in this country will eventually be compelled 
to return the water as clean as received. State legislation is now com¬ 
pelling the separation from the waste waters of the clays, fibers and water 
by the use of sedimentation tanks. Also filter beds of sand and cinder 
covering acres of land are used to separate the sludge from the more or 
less clean water that must be run into the river. 

Although great improvements have been made in the.many types 
of save-alls that are in use for saving fibers, clays and other paper stock 
there is still room for better apparatus. Careful attention to this sub¬ 
ject should well repay any paper-maker as well as decrease the river 
pollution nuisance. 
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CELLULOSE INDUSTRIES 

GUSTA\T\S J. ESSKLKN 

ConsuUittg ('hcmist^ 


The cellulose industries—in llio broad meaning of tlio (orm—consti¬ 
tute one of the oldest and largest group of industries in the world today. 
If wood be regarded as an impure cellulose, which is wliat it rt'ally is, its u.se 
is found well established at the dawn of history. Cotton, linen, and flax, 
which are cellulose in a relatively pim* form, also date back in their use for 
thousands of years. Even paper, another quite pure form of cellulose, 
has been known for over a thousiind years. It is obvious that the products 
of these three industries alone—lumber, tc.xtiles, and pulp and paper— 
comprise a volume of output rivaled by few others. 

In addition to these basic cellulose industries there has gradually 
developed during the past seventy-five years a further group of indus¬ 
tries bsiscd on the effect of various chemicals on cellulose and many of 
these have now reached very respectable proportions. Included in this 
group arc such products as vegetable parchment; vulcanized fiber; cel¬ 
lulose ester plastics (including both nitrate and acetate) and derived 
products such as Celluloid, Fibcrloid, Viscoloid, Xylonite, and articles 
made from them including toys, toilet articles, and various novelties; 
photographic films; lacquers and finishes for automobiles, furniture, and 
interior woodwork; artificial leather; smokeless powder; rayon; celo- 
phane; and sausage cjisings. For convenience this chapter is limited to 
a consideration of this second group of industries, involving chemical 
treatments of purified cellulose. Smokelc.ss powder, however, is not 
included since this is discussed in the chapter on explosives. 

Definition. Cellulose is the characteristic material of the cell wall of 
the vegetable kingdom, and serves as well for the structural framework. 
It occurs in its purest form in cotton, but is to be found to a greater or less 
degree in all plants. It has the empirical composition (CoKioO.-i), and 
thus belongs to the general class of carbohydrates. Cotton thread and 
cloth, paper, and rayon are all fairly pure forms of cellulo.se, and wood is 
about 50 per cent cellulose with some varieties of wood running sis high 
as 60 per cent, and others as low as 40 per cent. 

Cellulose Raw Materials. For the various chemical treatments dis¬ 
cussed in this chapter a relatively pure form of cellulose is required. 
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Formerly paper made from rags was considered essential or oven bleached 
cotton in the form of roving, but during the lust twenty years cotton linters 
has been the source of a good deal of the cellulose used for chemical pur¬ 
poses. By linters is meant those fibers which still remain on the cotton¬ 
seed after the longer fibers suitable for spinning into cotton yarn have 
been removed. Usually a first cut of linters is taken from the seed and 
used for such purposes as upholstery and mattress stuffing. The second 
cut is composed of still shorter fibers and this is the grade which is purified 
to serve as a chemical raw material. The purification consists in cooking 
with dilute caustic soda in large digesters followed by thorough washing 
and bleaching. 

More recently it has been found possible to prepare from spruce wood 
a sufficiently pure cellulose for the manufacture of viscose rayon by treat¬ 
ing the wood by the sulphite process (which is essentially a treatment 
with a solution of calcium acid sulphite under pressure) after which it is 
thoroughly washed and bleached. Within the last three or four years 
methods have been perfected for further purifying this sulphite pulp, 
making it suitable for nitration and similar uses. This latest form more 
closely resembles purified cotton in its chemical characteristics than any 
hitherto produced from wood. 

While thus far the only wood pulp to be used for chemical purposes is 
that made by tlie sulphite process, experimental work is in progress on 
cellulose prepared from wood by the sulphate or kraft process with a view 
to making this also available for the cellulose-using chemical industries. 

Physical Properties, Outwardly cellulose is a white amorphous mate¬ 
rial, although X-ray studies have shown it to be a colloidal complex char¬ 
acterized by oriented molecular micell®. It generally occurs in fibrous 
form but the fibers may vary from 0.5 to 200 mm. in length and from 0.01 
to 0.07 mm. in diameter depending upon the source from which the cel¬ 
lulose is obtained. Its specific gravity is in the neighborhood of 1.6,^ 
dielectric constant 7, specific heat in the dry state about 0.32,^ and heat 
of combustion to carbon dioxide and water 4208 calories. It burns quietly 
with a luminous flame and is a poor conductor of heat and electricity. 

Cellulose fibers absorb liquids readily, the air from the cell canals being 
displaced. This absorbtive power is increased by proper preparation of 
the fiber and is an important factor in several industries. 

In general it may be said that cellulose is resistant to the action of 
moderate dry heat, although it has been shown by heating cotton in air 
in a sealed tube at 80 to 100* C. for several weeks that even at these mod¬ 
erate temperatures cellulose combines slowly with oxygen with a resulting 
deterioration in strength. Kveryone is familiar with the scorching of 
paper or cotton cloth which results if somewhat higher temperatures are 
used, and if the temperature is raised still further, decomposition sets in 

* Schorger, " Chemistry of Cellulose and Wood ” (1926), p- 19. 

* Loc. cit., p. 21. 



cellulose industries 


1303 


and at about 270° C. this becomes an exothermic reaction with the pro¬ 
duction of considerable quantities of gas.' The yields of the various dis¬ 
tillation products are given in the following tal)Ie: 


Charcoal. 

CO •. 

Per 

Cent 

. 38.82 

w> -it; 

Per 

Cent 

20-40 

10 

0 2 

4 

C H 4 . 

n 17 

CO. 

. Mi 

. 4 15 

CH, . 

0 27 

0 3 

0 2-0.3 

Acetone. 

0 07 

Acetic .\cicl. 

. 1 39 

3 1 

OrKiitiic Suhstmiccs in .Ncetate . 

5 U 

8-5 

Tar. 

4 IK 

7-4 

^^■ll(<•r . 

Loss. 

:i \ .5 2 

0 04 

1(K) 0 

34 


It fihotild be noted that no methanol is produced in the dry distillation 
of cellulose and only a small amount of tar. 

It has been shown ® by heating cellulose in vocuo that the first product 
in the decomposition of cellulose by heat is probably glucose, which in 
turn at once loses a molecule of water and becomes levoglucosfin. As 
the heating is continued, secondary and tertiary rcjictions set in, which 
account for the formation of the various materials mentioned in the above 
table and also for the formation of the many substances (particularly 
phenols) which have been isolated from the tar. 

If cellulose is heated with water at pressures of about 150 atmospheres ^ 
it is converted into anthracite coal. 

Solubility. Cellulose does not form a true solution in any liquid, but 
it can be colloidally dispersed in certain salt solutions. However, some 
change beyond mere dispersion takes place, the exact nature of which is 
not fully understood because cellulose recovered from such a dispersion 
appears more highly hydrated than the original material. One of the well- 
known solvents for cellulose is ammoniacal cupric oxide.^ The exact 
mechani.sm of the solvent action is somewhat in doubt, some ® considering 
it to be strictly a chemical process while others® believe that it is a case 
of adsorption. Cellulose is also soluble in a hot 40 per cent aqueous zinc 

‘ P. Klasson, Z. nngew. Chem., 22, 1205 (1009). P. Klasson, Z. angew. Chem., 23, 
1252 (1910). Buttner and WialiccDiis, J. prakt. Chem., 79, 177 (1909). Heueer and 
Skioldcbrand, Z. angew. Chem., 32, 41 (1019). Heuacr and Schmclz, Cclluloscchemic 1, 
49 (1920). Erdmann and Schafer, Ber., 43, 1398 (1910). 

• Pictet and Saraain, Helvetia Chim. Acta. I, 87-96 (1018). 

• licrgiiia, Chem. Ztg., 37, 977, 1230 (1913). Z. Elcctrochem., 19, 858-800 (1913). 

< Schweizer, Joum. Prakt. Chem., 109-344 (1857). 

• Heaa and Mcaflmcr, Roll. Zeit., 30, 201 (1925); Ber. 65B, 2432 (1922). 

«E. Baur, Roll. Zeit., 30, 257 (1925). 
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chloride solution’ and in a cold 33 per cent zinc chloride solution^ in 
hydrochloride acid. Other combinations which exert a peptizing action 
on cellulose are ariucous solutions of the thiocyanates of calcium, mag¬ 
nesium, strontium and lithium; and the double thiocyanates of sodium 
with zinc, mercury, cadmium or manganese. Various theories have been 
suggested to account for this peptizing action such as a loose union between 
the hydrated salt and surface of the cellulose molecule or even actual com¬ 
pound formation. Williams has shown that cellulose is dissolved by 
neutral or very slightly acid solutions of any salt with the following physical 
characteristics: 

Viscosity greater than 3.3 times the viscosity of water. 

Boiling point above 133° C. 

“Positive heat of dilution value between well-defined limits.” 

Chemical Properties. As they occur in nature, cellulose fibers are 
chemically relatively inert. This inertness combined with physical 
toughness is responsible for the marvelous suitability of cellulose for the 
part wliich it plays in nature. Cellulose is resistant to atmospheric con¬ 
ditions, which makes possible the use of wood as a structural material. 
It resists water, both hot and cold, as well as the action of dilute alkalies, 
soaps, and mild bleaching agents. This permits the use of cotton and 
linen jts textile materials. 

Cellulose absorbs moisture from the atmosphere with which it is in 
contact and is therefore to be classed as hygroscopic. The amount of 
moisture absorbed depends not only on the humidity of the surrounding 
atmosphere but also on the source of the cellulose and the treatment it 
may have received in purification. For example, the “water of condi¬ 
tion” of cotton at 20° C. and 50 per cent relative humidity is 6 to 7 per 
cent and may rise to 21 per cent in an atmosphere saturated with moisture. 
On the other hand, cellulose in the form of viscose rayon at 70° F. and 
65 per cent relative humidity absorbs about 14.5 per cent moisture. 

Dilute alkaline solutions at normal temperatures have practically no 
effect on cellulose, but as the temperature and pressure are raised, even a 
1 per cent solution of sodium hydroxide exerts a dissolving action on cel¬ 
lulose. The solubility also increases as the strength of the alkali is 
increased.'* 

When cellulose is treated with cold concentrated caustic soda solution, 
it swells and if the treated fibers are washed and dried under tension they 
are found to possess an attractive luster. This treatment was discovered 
by Mercer and for this reason is known as mercerization. In canying out 
the process on a large scale there is a pretty balance between the temper- 

^ Cross and Sevan, “Cellulose,” p. 8. 

* Hanausek, Chem. Zeit., 441 (1894). 

’ Manchester Memoirs, 65, No. 12 (1021). 

* Tauss, Dingler’s polytech., J., 276, 411 (1890). 



CELLULOSE INDUSTRIES 


1305 


aturc and the concentration of the alkali. At a temperature of 15 to 20* C. 
an 18 to 25 per cent solution of sodium liydroxidc would Ix' used, while 
at 2 to 9* C., a 12.5 to 16 per cent solution would work equally well. In 
practice it is usually the custom to keep the caustic solution cool. 

When cellulose is placed in contact with dilute mineral acids at normal 
temperature, it slowly loses its structure, and if the action is continueil long 
enough the cellulose finally breaks down to a powder. This action proceeds 
much more rapidly if the acid is warmed. The product is known as hydro- 
cellulose, and was long considered to he a chemical individual, but more 
recently it has been shown to consist of uiichanged cellulose and certain 
decomposition products which are soluble in alkali. 

With concentrated acids (for e.xample nitric acid), with acid anhy¬ 
drides, and with acid chlorides, cellulose behaves like an aliphatic alcohol 
with three hj'droxyl groups and forms celhilo.se esters. The nitric acid 
and acetic acid esters arc considered more fully, later on in this cliapter. 

\\'hen treated with o.xidizing agents, cellulose is converted to a material 
known as oxj'cellulose. The exact nature of this material depi*nds upon 
the kind of oxidizing agents used and the con<litions untler whicli the 
action takes place, but in every case the oxycellulose consists of a mixture 
of cellulose with various decomposition products. The oxidized part 
shows marked reducing properties an<i is soluble in alkali. The extent 
to which a given sample of cellulose reduces Fehling’s solution is some¬ 
times taken as a mojisure of the extent to which it has been oxidized. 

Cellulose further exhibits its alcoholic properties when treatetl with 
caustic soda. In contact with a sodium hydroxide solution of at least 
16 per cent concentration, cellulose combines with the sodium hydroxide 
in the proportion of two CoHioOo residues to one NaOH.‘ When this 
compound is treated with carbon bisulphide it reacts similarly to sodium 
ethylate to form a product known as viscose.^ 

Ci2HioOyONa H- CS 2 = 

— C12H10O0 

CelIulo.se also forms ethers when treated with an alkyl halide or alkyl 
sulphate, preferably after a preliminary treatment to convert the cellulose 
into a more reactive form. A number of other cellulose compounds are 
described in the literature, the formation of which depends upon its alco¬ 
holic character, but these will not be considered here because they have not 
as yet achieved industrial importance. 

Chemical Constitution. As has already been indicated, cellulose is 
found in many manifestations in the vegetable kingdom. It can be 

* Vierveg, licr., 40, 3876 (1907); 41, 3269 (1908). P. Karrcr, Ccllulosechcmio, 2, 125 
(1921). 

> Cross, Bevan and Beadle, Bcr., 26, 1090, 2624 (1893); 34, 1513 (1901). K. Hess, 
ct aL, Ann., 435, 120 (1923). Bcrl and Bitter, CcUulosechcmic, 7, 140 (1926). 
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obtained from trees on the one hand and from grasses and straws on the 
other, d'ho (jnestion naturally arises whether tlie cellulose from these 
various sources has the same chemical constitution even though it may 
differ somewhat in physical properties. C’areful investigation ^ seems to 
indicate tliat cellulose derived from any form of vegetation has essentially 
tlie same chemical constitution, although a few investigators^ still ques¬ 
tion this conclusion. 

It has long b('(‘n known that cellulose is a carbohydrate with the 
empirical composition (\dIioO.->. It is essentially alcoholic in character, 
tliere bcang three hydroxyl groups in the molecule, of wliich one is primary 
and two are seconilary. The molecule appears to be built up of long 
cliains of anliydro-glucose residues-* combined b}’ primary valence forces. 
The chains themselves may be held together more loosely by secondary 
forces. * In any case, X-ray studies show that tlie molecular groupings in 
tlie inol(‘cule are oriented in the direction of the molecular axis and show 
a definite X-ray pattern. The size of the cellulose molecule is not known 
(‘xactly, but recent experiments ^ indicate that it has a molecular weiglit of 
40,000 with an accuracy of ±5000. 

Alpha, Beta, and Gamma Cellulose. It has been found empirically 
that cotton cellulose does not dissolve to any great extent in sodium 
hydroxide solutions of mercerizing strength (about 18 per cent). This 
jiroperty is freriuently taken lus a standard against which celluloses from 
other sources are measured. That portion of a sample of cellulose which 
does not dissolve in 17.5 per cent sodium hydroxide solution under definite 
conditions of time, temperature, and manipulation ® is termed alpha cel¬ 
lulose. The portion soluble in such alkali is further subdivided into a part 
which may be roprecij)itatcd by acids, known as beta cellulose; and a part 
which cannot be reprecipitated by acids called gamma cellulose. 

Derivatives of Industrial Importance. The first chemical derivative 
of cellulose to achieve industrial importance was the nitrate. When this 
contains from 12.4 to 12.8 per cent of nitrogen it is used for smokeless 
powdei-s and the so-called gelatine dynamites. Nitrates with about 12 
per cent nitrogen form the basis of the modern nitrocellulose lacquers and 
finishes for automobiles and furniture. For the manufacture of pyroxylin 
plastics (variously known as celluloid, fibcrloid, nixonoid, pyralin, vis- 
coloid, xylonite, etc.), a cellulose nitrate with from 10.8 to 11.6 per cent 
nitrogen is used, usually about 11 per cent 

* Heuser and Boedeker, Z. angew. Chem., 34, Aufsatzteil, 461 (1921). Heuser and 
Boedeker, Paper Trade Jour., 74, No. 5, 47 (1922). Heuser and Broetz, Papierfabrikant, 
23, Festeft, 69 (1925). 

^Sherrard and Froehlko, J. Am. Cbcin. Soe., 45, 1729 (1923). 

’Staudingcr, Zeit. phj'sik. Chem., 126, 425 (1927). Zeit. angew. Chem., 42, 37, 67 
(1929). 

* Sponslor and Doro, 4th Colloid Symposium Monograph, 174 (1926). 

‘A. J. Stamm, J. Am. Chem. Soc., 52, 3047 (1930). 

* Ind. Eng. Chem. (Analytical Section), Vol. 1, p. 62 (1929). 
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Another ester of cellulose which is of commercial importance is the 
acetate, being used for the manufacture of synthetic fibers as well as for 
molding powders and for sheet materials resembling celluloid, but non- 
inflaiiunable. 

Other esters and mixed esters have been proposed from time to time 
and patented, such as the butjTate, benzoate, aceto-nitrate and mixed 
esters containing nitrate and fatty acid radicals. 

Of very considerable industrial importance is the cellulose ester of 
thiocarbonic acid, sometimes called cellulose xanthate and more com¬ 
monly referred to as viscose. It is made by treating purified cellulose 
with caustic soda solution followed by carbon disulphide and ser\’es as the 
basis for the manufacture of viscose rayon, cellophane, bottle caps, siiusiige 
casings, etc. 

All of these derivatives are con.«idorcd in more detail below in connec¬ 
tion with their commercial applications. 

Various cellulose ctliers, made for example by treating cellulose with 
cau.stic soda solutions and an alkyl sulphate, have also been patented but 
no large commercial use of them has been made. 

Cellulose Nitrate—Preparation and Properties. When cellulose i.s 
treated with concentrated nitric acid, a series of ceIlulo.se nitrates is pro¬ 
duced, the limit of reaction being: 

CoHioOs + 3 HNO 3 = CoH 70 ^(N 03)3 + 3 H 2 O. 

This reaction, of great technical importance, is always carried on in prac¬ 
tice with a mixture of sulphuric and nitric acids. The sulphuric acid 
takes up the water produced in the reaction, and also tends to form cellu¬ 
lose sulphuric acids, which react with the nitric acid in the mixture, forming 
cellulose nitrates and regenerating the sulphuric acid.* 

The important factors arc: 

(а) Strength of the acid. 

(б) Temperature of the acid. 

(c) Time of nitration. 

(d) Proportion of acid to cellulose. 

(e) Relative proportions of nitric acid, sulphuric acid, and water. 

By varying these conditions, products of widely different properties 

may be obtained. 

(a) The proportion of sulphuric to nitric acid is of minor importance, 
the essential thing being that there is an excess of the latter. Proportions 
of 1 : 1 to 3 : 1 arc used. Too much sulphuric acid makes it harder to 
stabilize, though there is indication that it may improve solubility. The 
effect of the acid mixture depends mainly upon the total acidity, or con¬ 
versely upon the percentage of water, which varies from 10 to 20 per cent. 

* Hukc and Lewis, Joum. Soc. Cbcm. Ind., 24, 374, 914 (1905). 
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A low percentage of water causes a nitration approaching more closely to 
the limit of reaction. A higher water content gives a lower percentage 
of nitrogen in the product. 

(6) Increasing the temperature increases the rate of reaction. Thus 
a nitration in cold acid may require twenty-four hours to be complete, 
wliile with the same acid mLxture at a temperature of perhaps 40® C., the 
reaction would be complete inside of an hour. As the temperature of the 
acid bath increases, secondary reactions occur, so that the properties of the 
product are modified. 

(c) As indicated above, the time of nitration depends very largely 
upon the temperature. In practice cellulose is usually nitrated for about 
thirty minutes. 

(d) Thirty to fifty parts of acid to one of cellulose are ordinarily used. 
It is important to use an excess of acid. 

The cellulose most commonly used today is purified cotton linters or 
tis.sue paper, made either from cotton or a specially prepared sulphite 
pulp. 

Three different forms of apparatus have been used: 

1. Iron or earthenware pots, into which the acid is run and the cellulose 
then immersed. At the completion of the nitration the material is dumped 
into centrifugal machines, and the excess of acid removed. 

2. Centrifugal machines, the machines being started in motion after 
nitration is complete. 

3. In the Thomson process stoneware pans, the acid being removed by 
di.splaccment with water. 

Most of the cellulose nitrate produced today is made by the first of 
these methods. 

After nitrating by any of these processes the product is thoroughly 
washed in water and boiled in slightly acid water to remove unstable by¬ 
products. Bleaching with hypochlorite is sometimes necessary. 

The washed product is centrifuged to remove excess water and the 
balance of the water usually removed by mixin g with ethyl alcohol and 
squeezing out the excess in hydraulic presses. The yield varies with the 
percentage of nitrogen. Theoretical yields vary from 160 to 210 parts. 
In practice these yields are reduced by solution in the acid, secondary 
reactions, and mechanical losses, and vary between 130 and 175 parts. 

As ordinarily prepared, cellulose nitrates have the unaltered appearance 
of the original fiber, but are harsher to the touch. The specific gravity is 
only slightly higher than that of cellulose, the volume rather than the 
density being increased in nitrating. They ordinarily float in water, on 
account of the presence of air in the fibers. They are less hydroscopic than 
cellulose; thus a pyroxylin with 13 per cent of nitrogen has about 1,5 per 
cent water of condition, and a pyroxylin with 11 per cent of nitrogen, 
about 3.5 per cent. 

These derivatives bum very rapidly, the rate of combustion increasing 
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with the percentage of nitrogen. It is to be noted that nitration is a pro¬ 
gressive phenomenon, and that we cannot recognize any definite steps in 
the reactions, so that any names such as tri-nitrate, liexa-nitrate, penta- 
nitrate, etc., are not well founded. 

The maximum theoretical percentage of nitrogen is 11.14 per cent, but 
thi.s has never been reached in pmctice. The most highly nitrated prod¬ 
ucts contain 13.3 to 13.7 per cent of nitrogen, and are known as guncottons. 
They arc s<iluble in acetone and ethyl acetate, but insoluble in etlicr- 
alcohol, nitroglycerine, and other solvents of the lower nitrates. Gun¬ 
cotton is ignited by shock, differing in this respect also from other cellulo.se 
nitrates. 

Pi^'oxylins, as used for smokeless powders and gelatine dynamites, 
contain 12.4 to 12.8 per cent nitrogen, and are less soluble in wood-alcohol, 
amyl acetate, and camphor-alcohol than lower nitrates. Pyrocellulose is 
the standard pyroxjdin of this class, containing 12.0 per cent of nitrogen. 

Soluble pjT 0 .\yhns, called variously collodion cotton, sf)luble cotton, 
and lacquer cotton, contain from 11.8 to 12.2 |K*r cent of nitrogen, and dis¬ 
solve in clh(‘r-alcohol, amyl acetate, wood-alcohol, and other solvents to 
solutions of les.s viscosity than any other pjToxylins. 

Celluloid pjTOxylins contain 10.8 to 11.5 per cent of nitrogen, and are 
soluble in all these solvents, but give solutions of greater viscosity than the 
varnish cottons. It may be noted here that two pyroxylins with the same 
percentage of nitrogen may show verj’^ different solubilities and viscosities, 
due to secondary reactions in the nitration. 

Pyroxylins containing 10 per cent of nitrogen and soluble in grain 
alcohol alone may also Ixi made, but have not found any ai)plications. 
Cellulose nitrates containing loss than 10 per cent of nitrogen are not 
soluble in organic solvents. 

Pyroxylin Ptantics. Plastic materials with pyroxylin as a base were 
first made in England, by A. Parkes in 1855 and D. Spill in 1808. 'I’lic 
methods were crude, and the full significance of the solvent power of caiii- 
phor was not realized. The industry was really founded in this countiy 
in 1869, by J. W. and I. S. Hyatt, who investigate<i the action of camphor 
upon cellulose nitrates, and devised splendid mechanical methods for 
making these plastics, to which they gave the name celluloid. 

Pyroxylin plastics, variously called celluloid, fibcrloid, nixonoid, pyralin, 
viscoloid, xylonite, and other names, consist of a mixture or solid solution 
of cellulose nitrate and camphor. The composition may varj' from 25 to 
40 parts of camphor to 100 parts of pyroxylin, solution being obtained by 
the use of a liquid solvent, such as alcohol. 

Cellulose tissue paper or purified cotton is nitrated in such a manner 
that the product contains 10.8 to 11.6 per cent of nitrogen, and hence is of 
lower inflammability than any other commercial nitrate, is readily soluble 
in camphor-alcohol, and gives more viscous solutions than varnish cotton. 
After thoroughly washing and boiling, to insure stability, the excess water 
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is removed from the pyroxylin, first by centrifuftinp, followed by flushing 
with alet)hol and removal of the sur[)liis alcohol in h 3 'draulic presses. It is 
then mixed with camphor and alcohol in suitable mixing-machines or 
between .steel rolls, and various coloring matters, to produce the desired 
effects, are incorporated. The pasty mass is pres.sed into a block by 
hydraulic pressure under heat. It is then cooled, whereupon the material 
becomes verv stiff, and is planed into sheets of any thickness from 5/1000 
up to 1 in. or more. Mottled effects, to imitate tortoise-shell, etc., are 
proiluced by a mixture of two or more colors, and stratified materials imi¬ 
tating ivor>', liorn, etc.. In' placing together alternate layers of different 
colored materials. Almost everj' natural material may be imitated. 

CVlluloid is made in all colei's, both transparent and opaque. It is 
u.sed for brushes, combs, and other toilet articles, hair ornaments, collars, 
automobile windows, toj's, and for other purposes too numerous to men¬ 
tion. Recently the production of laminated, non-scattering glass has 
provided a new and large use for transparent sheets of pyroxylin plastic. 
This laminated glass consists of two sheets of glass firmly combined, under 
heat and pressure, to the opposite sides of a sheet of celluloid about 0.020 in. 
thick. 

Pyroxylin plastic is one of the strongest artificial materials, possessing 
a tensile strength of 10 to 12,000 lbs. per square inch. It takes a beautiful 
finish and has great plasticity, softening upon heating, and regaining its 
strength and appearance upon cooling. It is molded in dies to any desired 
form, cut, sawed, turned in a lathe, etc. It is very inflammable, but not 
explosive, except that when burned in large masses in an enclosed space 
inflammable vapors are given off which may burst into flame.^ 

Pliotographic ami Motion Picture Films. In the development of pho¬ 
tography a flexible support for the light-sensitive emulsion had long 
been desired, and was first produced by H. Goodwin in 1887, U. S. 
Patent 610,861. The manufacture of flexible supports for photographic 
films was introduced by the Eastman Kodak Company, and has reached 
a marvelous development, so that today pyroxylin photographic and 
moving-picture films form an enormous industry. 

The pyroxylin is made by nitrating purified cotton linters or other 
purified cellulose, and must be of great solubility. A solution is made 
of pyroxylin and camphor in a mixture of suitable solvents, and this is 
poured on a smooth surface and allowed to evaporate, forming a film. 
The surface used is usually a revolving dnim with a specially highly pol¬ 
ished surface. When dry the film is stripped off, slit into the desired 
width, and cut into lengths. 

The manufacture of the film is attended with great difficulties, as the 
product must be entirely transparent, free from specks, and of uniform 
thickness, about i &Vo ' of an inch. For moving pictures strips If ins. 

* Masselon, Roberts and Cillard, “Celluloid,” 1912. Axtell, Journ. Ind. and Eng. 
Cbem., 5, 38 (1913). 
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wide and 1000 ft. long constitute one reel. These arc slotted to secure the 
intennittent motion through tlie photographing or projecting instruments 
both po.sitive and negative films being u.sed. For ordinary camera work! 
films of various sizes are prepared. ' 

Lacquers and Finishes. The last ten years has seen the development 
of the modern nitrocellulose finishes for automobiles, furniture, and inte¬ 
rior woodwork. Previous to this there had been nitrocellulose lactjuers 
and enamels but they suffered from the fact that the proportion of solids 
to solvent was low, thus necessitating many coats to get the neressjirj' 
covering power. This meant expense for labor and solvents. However 
when it was discovered that digestion with water or weak acids at mod¬ 
erate pres.sures would markedly lower the viscosity of nitrocellulose suit¬ 
able for lacquers, the way was opened for the production of the modern 
nitrocellulose lacquers which contain a much higher percentage of solids. 
The.se can be applied with a spray, fir>' rapidly, and produce the nece.ssjxr>- 
effects with only a few coats. By their use, the time required to apply the 
finish to automobile's has been cut from twenty or thirty days to a few 
hours and the finish is more weather-resistant. 


Tlie nitrocellulose used contains about 12 per cent nitrogen and may 
bo obtained in a wide range of vLscosities, so that lacquers witli the same 
viscosity may var>' wi<lely in the amount of pyro.xTlin which they contain. 
In order to give tlie desired properties, there arc also u.sed with the nitro- 
celluio.so various resins such as copal, dammar, ester gum and other syn¬ 
thetic resins. 7 he solvents used in the manufacture of lacquers have to 
be cho.sen carefully in order to give a product which will dry down to a 
clear, smooth, non-tacky film in a short time. At first amyl acetate and 
then butyl acetate were essential ingredienks of all lacquers but in the 
last few years many new solvents have appeared, particularly the deriva¬ 
tives of the glycols, which are finding wide application in this industrj-. 
In order to naluce the cost, it is usual to incorporate in a lacquer a consid¬ 
erable proportion of a non-solvent liquid or "diluent” of which the most 
common are toluol or a suitable petroleum fraction. Pigments are incor¬ 
porated to give the desired color effects. 

Artificial Leather. I his material, which is made in many grades imi¬ 
tating all kinds of natural leather, consists of a fabric with a tough, flexible 
coating in which pyroxylin is usually the essential ingredient. A dope, 
or thick solution of pyroxylin in proper solvcnU, is applied by means of a 
spreading device to the surface of the fabric as it unwinds from a roll. 
Ihe solvents evaporate and the surface is embossed or othei^vise orna¬ 
mented by being passed through calender rolls or embo-ssing prcs.ses. The 
dope usually contains castor oil or similar substance to add flexibility. 
This industry has become a very important one both in foreign countries 
and in the United States, and very handsome products are obtained. 
Pyroxylin solution combined wdth oil (often boiled) is also appUed to real 
leather in producing enamel and patent leather. 
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Pharmacopa;ial Collodion. This article, which comes upon the market 
under different names for the treatment of cuts, etc., is a 3 to 5 per cent 
solution of pyroxylin in a mixture of alcohol and ether, the ordinary pro¬ 
portions being one part of ethyl alcohol to three parts of ether. The 
U. S. Pharmacopoeia (10th Revision) specifies for Collodion: 

Pyroxylin. grams 

F.ther. 750 cc. 

Alcohol. 250 cc. 

For Flexible Collodion, U. S. P., 20 grams of camphor and 30 grams 
of castor oil are added to enough of the above Collodion to make 1000 
grams. 

Cellulose Acetate. When purified cellulose (usually linters) is subjected 
to the action of a mixture of acetic anhydride and glacial acetic acid in the 
presence of a peptizing agent such as sulphuric acid or zinc chloride, acety¬ 
lation takes place. The glacial acetic acid serves chiefly as the vehicle 
for the anhydride. Considerable heat is evolved in the reaction and 
cooling is usually resorted to in order to prevent an undue rise in tem¬ 
perature. Since cellulose acetate is soluble in acetic acid the cellulose 
appears to dissolve as the reaction proceeds and a thick liquid or paste 
results. If the cellulose acetate is precipitated at this point it is obtained 
as the tri-acetate containing about 62 per cent combined acetic acid 
(44.7% acetyl). It is soluble in chloroform and in mixtures of alcohol 
with chloroform or with tetrachlorethane but is not soluble in acetone. 
The acetone-soluble material is produced by allowing a period of so-called 
“ripening” between the completion of the acetylation and the precipitation 
of the product with water. Usually a little water is added to the reaction 
product and sometimes a little acid to facilitate the action which is essen¬ 
tially that of hydrolysis. When the desired solubility in acetone has been 
attained, the product is precipitated with water and it is then found to 
have a composition intermediate between the tri-acetate and the di¬ 
acetate, which latter contains about 43 per cent of combined acetic acid 
(35% acetyl). It is thoroughly washed with water to remove all traces 
of acid and dried. 

The largest use of cellulose acetate is in the production of artificial silk, 
which is discussed later. Very considerable quantities are also used in 
the manufacture of the "safety” moving-picture film for use in the home 
or other places where fireproof booths are not readily available. This is 
because cellulose acetate, unlike the nitrate, is relatively non-inflammable. 
It bums only very slowly and usually ceases burning when the source of 
heat is removed. 

Owing to the recent marked lowering in cost, increasing quantities of 
cellulose acetate are also finding use in the plastics industry, particularly 
where its non-inflammabflity and light-translucent properties are of value, 
as, for example, in lamp shades. Camphor cannot be used as plasticizer 
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but instead use is made of triphonyl or tricresylphosphates, various 
toluolsulphainides and other plasticizens. The mechanical handling is 
quite similar to that used for the pjToxylin plastics. The electrical 
industry also uses cellulose acetate because of its high-insulating value. 

Synthetic Fibers. One of the most important and most rapidly devel¬ 
oping of the cellulose industries Ls the production of sjmthctic fibers. 
The first practical fibers were made about 1890 by Chardonnet, but the 
industry grew rather slowly at first and was not introduced into the United 
States until 1911. At the present time there arc four commercial proces.ses 
for producing these synthetic fibers. Of those the so-called visco.se method 
accounted for about 82 per cent of the world production in 1929; the ace¬ 
tate method for about 9 per cent; the cupraminonium method for a little 
less than 5 per cent; and the nitrocellulose method for tlic balance of 
about 4 per cent. In the last ten years it has been recognized that the 
name “artificial silk" constituted somewhat of a handicap for this new 
industry and for this reason the name “rayon” was introduced and is 
now used by the majority of manufacturers in connection with their own 
trade naine.s. A few of the manufacturers, however, particularly those 
who manufacture synthetic fibers by the cellulo.se acetate process, have 
not adopted the name “rayon” partly because both the physical and 
chemical properties of their fibers are distinct from those made by the 
other proce.sscs. Tliese manufacturers have their own particular brand 
name for their fibers. 

For the manufacture of rayon by the viscose process, either a purified 
sulphite pulp or purified cotton lintcrs may be u.sed as raw materuil. In 
practice, it is not uncommon to use a mixture of these materials. They 
are supplied to the rayon manufacturer in the form of sheets and these 
sheets arc first immersed in a sodium hydro.xidc solution of about 18 per 
cent strength until thoroughly saturated. This solution is maintained at 
a closely regulated temperature, usually soniewhcrc between 16 and 
22® C. The next operation is to remove the excess of the caustic soda, 
which is carried out in large hydraulic presses, following which the shceU 
of pulp arc transferred to machines known as “shredders,” where it is 
shredded into a very fine and fluffy form known as “cnimbs.” These 
shredders are essentially machines of the kneading machine tj 7 )c in which 
the saddle and the blades have been given a saw-tooth edge. They are 
often water-jacketed to prevent an undue rise in temperature. The 
crumbs arc then placed in cylindrical cans and stored for two or three 
days in specially designed rooms which arc maintained at a uniformly cool 
temperature. The exact time and temperature has to be very carefully 
worked out in connection with the other steps in the process. 

After the proper aging period, the crumbs arc treated with carbon 
bisulphide in revolving drums or other suitable form of chum. This con¬ 
verts them into a deep orange-colored product which is then dissolved in 
dilute sodium hydroxide solution. The resulting sirupy liquid is also stored 
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for two or tlircc days under ver>' carefully regulated temperature condi¬ 
tions (luring which it is filtered several times to remove every lust particle 
of dirt or dust, and after removal of air bubbles, it is ready to be “spun.” 

In rayon manufacture, the “spinning" operation consists in forcing 
the solution tlirougli very fine orifices. In the viscose process, the spinner¬ 
et tes are usually made of alloys of platinum and gold and may contain 
anywhere from 16 to 60 orifices, depending upon the number of filaments 
which are (h'sin'd in the rayon thread. As the solution is forced through 
the spinnerettes, it comes in contact with a coagulating bath which con¬ 
sists (‘ssentiaily of sodium acid sulphate, although there are numerous pat¬ 
ents whicli describe the advantage of adding various other materials as 
well. 'I'he properties of the coagulating bath are so adjusted that while 
each individual jet of liquid is hardened into a filament, these filaments 
do not stick together but are removed from the bath in any suitable man¬ 
ner and collected either on the outside of a perforated metal bobbin or 
more usually on the inside of a perforated centrifugal pot about 6 ins. 
in diameter. The fibers are then thoroughly washed to remove the coag¬ 
ulating bath, following which they are treated with a dilute solution of 
sodium sulphide to remove any sulphur compounds, and then bleached. 

The unit of size of rayon filaments is the denier which is the weight in 
grams of 0000 meters. The most common size is 150 denier and this may 
be obtained in viscose rayon with anywhere from 24 to 75 filaments. It 
is also available as fine as 75 denier and as coarse as 600 or 900 denier. 
The largo sizes, however, are usually made by combining several threads 
of smaller sizes. 

In the manufacture of rayon by the cuprammonium process, the raw 
material is usually purified cotton. In outline, the process consists of 
dissolving the cellulose in a copper ammonia solution, followed by the 
extrusion of this solution through fine orifices into a coagulating bath 
which is usually alkaline in character. The resulting filaments are col¬ 
lected and treated to remove the copper and then bleached. In the early 
days of this method, the cuprammonia solution was prepared by blowing 
cooled air through ammonia solution in contact with copper shavings or 
turnings. More recently, however, a method has been developed by which 
a thick paste of copper hydroxide is made by running a cold concentrated 
solution of sodium hydroxide into a similar solution of copper sulphate, 
and this “sludge” is mixed directly with the cotton which has previously 
been beaten to a pulp with water. This mixture is then washed in a filter 
press to remove the sodium sulphate formed by the reaction, following 
which it is mixed with ammonia to form a solution containing 7 or 8 per 
cent of cellulose. A certain amount of glucose is usually added to this 
solution to increase its stability. 

The same very careful filtering operations have to be conducted in 
this method as in all the others, and after freeing from air bubbles, the 
cellulose solution is extruded under pressure into a coagulating bath 
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which may be either acid or alkaline. ^\ hen alkaline precipitating baths 
arc used, it is nccossnrj' in a subsequent step to remove the Conner from 
the finished fibers. 

One of the well-known modifications of the cuprammonium methotl 
involves the use of a .succession of precipitating baths of gradually increas¬ 
ing strength which pemiits of a stretching of the fibens as they are being 
gradually hardened. In this way, individual filaments almost as fine as 
natural silk are produced. 

For the manufacture of sjmthetic fibei^ by the nitrocellulose process, 
the raw material is also a purified form of cotton. This is nitnited with a 
mi.xture of .sulphuric and nitric acids to give a nitrate with about 11.5 
per cent nitrogen, and after suitable iiiirification and dehydration, it is 
dRsolved in a mixture of alcohol and ether to form a rather thick viscous 
mass. This is verj' carefully filtered to remove all traces of tlirt and is 
then extruded under a fairly high pressure into a stream of warm air 
through a nozzle with a single fine orifice. The solvents evaporate and 
arc recovered from the air stream for re-use. A suitable number of these 
filaments are gathered together to form a thread which Is then denitrated 
by treatment with a dilute solution of an alkaline sulphide, and bleached. 

The fourth commercial method for the manufacture of synthetic fibers 
involves the use of cellulose acetate. The manufacture of this material 
has already been describee!. When used for making synthetic fibers, 
it Is dls.solved in acetone to form a thick sinipy solution which is extnided 
through a fine orifice into a steam of warm air somewhat after the manner 
of the nitrocellulose process. The acetone is to a large extent recover'd 
from the air. There is, however, a marked difference between the cellulose 
acetate process and the other three which have been tlescribed, since the 
product of the cellulose acetate method Is an ester of cellulose, whereas the 
product of the other three is cs.sentially cellulose itself in a slightly mod¬ 
ified form. The practical result of this is that, particularly in their 
chemical properties and reactions towards dyes, the rayons made by the 
viscose, cuprammonium, and nitrocellulose methods are all similar ami 
differ quite markedly in these respects from synthetic fibers made by the 
cellulose acetate process. 

Since the products of various manufacturers making rayon by the 
same process vary somewhat, it is not possible to give e.\act figures for 
the strength of rayon. In general, however, it may be said that the com¬ 
mercial synthetic fibers are from 50 to 80 per cent as strong as natural 
silk when in equilibrium with normal room conditions of temperature and 
humidity. When wet, the rayons made by the viscose, cupmmmonium, 
and nitrocellulose methods lose about 50 per cent of their strength, while 
fibers made by the cellulose acetate process lose only about 20 per cent of 
their strength in the dry condition. Recently, a new variety of viscose 
rayon has appeared on the market in limited quantities which is consid¬ 
erably stronger than natural silk when dry, and when wet is at least as 
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strong as natural silk in the same condition. It is finding a ready outlet 
in sewing threads. 

In the early days of cellulose acetate fibers, considerable difficulty was 
e.xperienced in dyeing them, and atlvantage was often taken of the fact 
that they resisted ordinarj' dyes for the prodviction of interesting dyc- 
resist effects. A little later, however, several new chisses of dyes were 
developed, particularly for use in connection with cellulose acetate fibers 
so that now there is little difficulty in this regard. 

Celophane and Sausage Casings. During the past few years a material 
known as Clelophane, which is essentially a thin transparent film of regen¬ 
erated cellulose, has been appearing on the market in increasing quantities. 
While attempts have been made to produce this material by regenerating 
cellulose from cuprammoniura solutions,' the usual method of manufac¬ 
ture 2 is to use a viscose solution similar to that used for producing rayon 
by the viscose process, which has been considered earlier in this chapter. 
After several very careful filtrations to remove all traces of dirt, the viscose 
solution is forced through a suitable nozzle into a coagulating or hardening 
bath, which may consist of a solution of sodium and ammonium sulphates. 
The nozzle is so designed that it delivers a thin sheet of viscose solution 
about 40 ins. wide which is almost immediately coagulated into a con¬ 
tinuous ribbon. This is conveyed continuously through suitable harden¬ 
ing, washing, desulphurizing, and bleaching solutions in successive baths. 
The last bath usually consists of a 25 per cent solution of glycerine in water, 
the glycerine being absorbed by the regenerated cellulose film and rendering 
it soft and pliable. The product is finally passed through a drier where the 
excess moisture is removed by means of warm air. It is produced regu¬ 
larly in three weights, varying in thickness between 0.001 and 0.002 in. 
It is used for wrapping a wide variety of products, particularly food 
products. It is also used in the manufacture of artificial flowers and 
millinery trimmings. 

A similar process ^ is used for the manufacture of sausage casings 
except that the viscose solution is forced through a die which produces 
a continuous tube rather than a flat sheet. These synthetic casings offer 
the very distinct advantage of uniformity in size, and it has further been 
found possible when they are used to strip them from the finished sausage 
before it is sold and still have a sausage which has sufficient strength 
and firmness to retain its shape while being prepared for eating. 

Celophane is readily affected by moisture and becomes soft and flabby 
when exposed to humid air. Recently a moisture-resistant form of celo¬ 
phane has appeared on the market which is prepared by applying to the 
surface of the celophane an extremely thin layer of nitrocellulose with 
which has been incorporated a small amount of wax. This produces an 

* U. S. Patents 1,590,601 and 1,590,602 (June 29, 1926) to Zeigh and Zi^ler. 

* Ind. and Eng. Cbcm., 21, 405 (1929). 

’Henderson and Dietrich, Ind. and Eng. Chem., 18, 1190 (1926). 
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attractive, moisture-resistant, transparent sheet which is finding wide use 
as a wrapping material. 

\egetable Parckiwnt. This proiluct, sometimes also referred to as 
\uilcamzed fiber, is obtained by a short immersion of unsized paper in 
6 G to 70 per cent suli>huric acid, followed by immediate washing in water 
and drying. A layer of semi-transparent gelatinous amyloid or cellulose 
hydrate is thus dcpo.sited on the surface, and the paper becomes tough and 
re.sembles m appearance natural parchment. In the process, the sulphuric 
acid IS contained in lead-lined tanks, and the paper is unrolled and drawn 
through the bath and then between rolls of acid-resisting material into a 
bath of wash-water. Thick sheets arc made by pressing together layers 
of paper which have just been parchmentized. 

The important factors are the condition of the paper, the strength of 
the acid, the temperature of the acid, the time of immersion, and the com¬ 
pleteness of washing. Under- or over-treatment by the acid must be 
avoided and no trace of acid should remain in the parchment. 

In thin sheets it is used for packing greasy materials and in heavier 
weights as electric insulation. 


Vtilcan/zed Fiber. A second variety of vulcanized fiber is prepared by 
treating unsized, unloaded, rag paper in a warm solution of zinc chloride 
in water. The solution contains 65 to 70 per cent ZnClg and is maintained 
at a temperature close to 40** C. A roll of paper is unwound, passed over 
heated cylin<lers and then through the bath, and Ls then rolled up on large 
cylinders until the desired thickness is obtained. The surface is gelatinized 
so that the paper welds together on the receiving drum where it is squeezed 
by the pressure of a heavy roll above it. The sheet is then cut off the drum 
and IS wiushcd in zinc chloride solutions of diminishing concentration and 
finally in pure water until no test, or a very faint test for chlorides is ob¬ 
tained. This washing treatment is slow, depending on the size of the 
sheet; J-in. material takes three or four weeks, and 2 ins. six to eight 
months. Zinc chloride is recovered from the stronger wash waters by 
using them on the counter-current principle. This matter of washing is of 
the greatest importance on account of the danger of blistering, which is 

thought to be caused by osmotic pressure. If the washing is not complete 
inferior fiber is the result. * 


The product shrinks on drying and is remarkably homogeneous. It 
comes on the market in reddish brown, gray, or black colore, which are 
obtained by using differently colored papers containing iron oxide, lamp 
black, or other coloring matter. The product is very hard, of a horny 
consistency and is worked by sawing, turning, etc., may be threaded and 
embossed, but is not properly plastic to heat. 

Ihe fiber, particularly that made by the sulphuric acid process, has a 
dielectric strength of 400 to 600 volts per mil. It is oilproof but not water¬ 
proof, absorbing 20 to 50 per cent of its weight of water upon prolonged 
immersion, but dries again to its original size; it is not soluble in any 
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organic solvents and is verj' resistant to chemical action except the hydrO" 
lytic action of mineral acids on long exposure. 

Tlie specific gravity varies from 1.25 to 1.5; the tensile strength from 
8000 to 20,000 lbs. per square inch, depending somewhat on whether the 
measurement is made in the machine direction or the cross direction of 
the sheet of paper; and the cnishing strength from 30,000 to 45,000 lbs. 
per square incli. 

These two kinds of fiber find a wide variety of uses, such as for trunks, 
bags, han<lles of cheap cutlery, receptacles, such as wasto baskets, and for 
a considerable number of engineering purposes, notably gears, washers, 
valves, etc. 

Decompositions of Cellulose. The action of heat in decomposing cel¬ 
lulose lias already been referred to. Dilute acids convert cellulose to 
glucose. M’hen this process was first carried out on a commercial scale,^ 
it was not possible to recover much more than 50 per cent of the theoretical 
amount of fermentable sugar. Recent developments, however, have 
provided a process which claims to accomplish an almost theoretical 
conversion of the cellulose into glucose so that as high as 60 to 70 per 
cent of fermentable sugar may be obtained from dry wood. The primary 
product as it is obtained from this process, is a sugar intermediate in com¬ 
position between starch and glucose and has been used directly as a cattle 
food, the claim being made that it actually produces a little more weight 
than an equal quantity of corn. 

If it is to be fermented, this intermediate sugar is inverted to glucose 
by treatment with very dilute acid. In the laboratory it has even been 
found possible to obtain the sugar in a white crystalline form. 

These processes have had their chief development in Germany and 
are operating there on a small commercial scale. 

Recent experiments “ have also shown that when cellulosic material is 
inoculated with sewage sludge and allowed to react under ansrobic con¬ 
ditions, the cellulose is decomposed into carbon dioxide and methane 
yielding a gas with about 500 B.t.u. per cubic foot. The decomposition 
of the cellulose, however, is not complete, it being apparent that the 
so-called hemicelluloses are attacked first. 
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CHAPTER XLVIII 


LEATHER 

Pelts of animals left in a moist condition soon putrefy; if dried, they 
become hard and homy. These objectionable conditions arc overcome 
by what is known as tanning, a process which renders the putrcscible 
animal matter less perishable, and at the same time soft and flexible 
enougli to answer its intended purpose. In view of the great variety 
of leathers, ranging from heavy sole leather to light kid, there are likewise 
wide divergences in the processes of tanning, the materials used, and the 
methods of their application. 

Structure of the Skin. Although the skins of the various animals seem 
at first glance to have very little in common, they present, on closer 
examination, much similarity of structure. The differences in texture 
and thickness, on the other hand, make their practical application vary 
greatly. The skins of lizards, alligators, fish, and serpents differ from 
those of the higher animals in that the epidermis becomes harder and 
forms scales. 

The skin is not merely a covering for the animal, it is at the same time 
the seat of the organs of sense and of certain important secretions. It 
consists of two principal layers, the epidermis [epithelium, cuticle) and 
the corium [derma, cutis, or true skin). The epidermis is very t hin as com¬ 
pared with the true skin which it covers, and is entirely removed prepara¬ 
tory to tanning; it nevertheless possesses important functions. Its inner 
mucous layer, which rests upon the true skin, is soft and composed of 
living nucleated cells, which multiply by division and form cell-walls of 
keratin. These are elongated in the deeper layers, and gradually become 
flattened as they approach the surface, where they dry up, and form the 
horny layer that is being constantly worn away, thrown off as dead scales 
of skin, and renewed from below by the multiplication of the cells. 

It is from the epitheUal layer that the hair, as well as the sweat and 
fat glands, are developed. Each hair is surrounded by a sheath continu¬ 
ous with the epidermis, and in which the young hair usually grows as the 
old one falls out. Near the openings of the hair-sheath upon the surface 
of the skin the ducts of the sebaceous or fat glands pass into the sheath 
and secrete a sort of oU to lubricate the hair. The base of the hair is a 
bulb, enclosing the hair papilla, which is a projecting knob of the true 
skin and which, by means of the blood-vessels contained in it, supplies 
nourishment to the hair. The hair bulb is composed of round soft cells, 
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which multiply rapidly, and, pressing upward through the hair-shoatli, 
become hardened, thus increasing tlie length of the hair. 

The process of development of the sudoriferous or sweat glands is 
ver>'’ similar to that of the hair. They consist of more or less convoluted 
tubes with walls formed of longitudinal fil)ers of connective ti.ssue from the 
corium, lined with a single layer of large nucleated cells, which secrete 
the perspiration. 

Besides the hair, and hair-sheaths, and the sebaceous and sudoriferous 
glands, the epidermis layer produces other stmetures of a homy character, 
including horns, claws, and naiLs, which, both chemically and anatomically, 
are analogous to exaggerated hairs. This is apparent in the quills of the 
porcupine. The whole of the epidermis, together with the hairs, is sepa¬ 
rated from the corium by an exceedingly fine membrane called the hyaline 
or glassy layer. This forms the ver>' thin grain surface of tanned leather, 
which Ls of a structure different from the rest of the corium. 

The structure of the corium or true skin is quite different from that 
of the epidermis. It is composed principally of interlacing bundles of 
fibers kno\\'n as connective tissue, and cemented together by a substance 
more soluble than the fillers themselves. These fiber bundles are loosely 
interwoven in the middle portion of the skin, b\it become compact again 
near the flesh. The outennost layer, just l>cneath the epidemiis, is also 
very close and compact. The skin is united to the animal by a network 
of connective tissue (panniculus adiposus), which is frequently full of fat 
cells and is then called adipose tissue. This portion, together with some 
actual flesh, is removed in the process of Jleshing. 

Ordinarily the corium or true skin is the only portion used for leather. 
To obtain it in a suitable condition for the various tanning processes, the 
hair or wool, together with the epithelium, must be completely removed 
without damaging the skin itself; and special care must be taken that 
the grain, or portion next the epidermis, does not suffer injury during 
the treatment. 

Flaying. The removal of the hide or skin from an animal is known 
as flaying, and may be accomplished in various ways. Outside of the 
small butchers, the procedure in the American plants is that of hanging 
the animal, immediately after it has been killed, by one or both of its hind 
legs. It then travels along an overhead conveyer past a number of men, 
each one of whom has a particular operation to perform. Thus, for exam¬ 
ple, the animal is stunned by a heavy blow on the head, the first man, 
known as the “sticker," cuts the throat and allows the blood to drain. The 
"header" removes the hide from the head, the "leg-breaker" loosens it 
from the shanks, and the "floorsman" or "aiders" remove it from the 
sides. For this last operation the animal is laid on its back. After it is 
once more hung head down, it passes in order to the "rumpers," “fell- 
cutters," and "backers." ITie process is completed by the "droppers,” 
who pull the hide off the neck and shoulders, and drop it to the floor. 
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Classification of Hides. Tlie lannor deponils upon tlio Imtclier for liis 
raiv inatorial, as it is from the pelts of animals killed for food that the 
supply of hides and skins is mostly ohtained. In this country the bulk 
of our hides eonie from the laree paekiiiK limisoa and are known as packer 
kHlcs. A certain iiumher come from the smaller city establishments and 
arc known as dip bnichers, while those taken olT by the small butchers in 
either the city or country are known as com,try hides. 

Depending on the animal, wc may have steer hides, cow hides, or bull 
hides, which, in turn, may be classified according to weight as heavies, 
mediums, lights, and extremes, and, according to measurement, as heavy. 
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medium, nnd light pproadies. DoixuKlmg on (he mothoil of killing, we 
lia\'e siurk Ihroaf.s nnd cut Ihronfs. 

IIi<les nnd skins come to the tnnner in four different eon<li1u)ns: (]r<(u, 
green .malted, dry soli(d, and dry or Jlint. Clrc'cn or market ludes are tlio>e 
taken from the animal nnd delivenal at once, without salting or any other 
cure, to the tanner. 'I’his is not a common practice and is carried out 
only in exceptional ca.«es. Gri'en salt<-<l hidr-s are those wliicli h.ive Ixa-n 
cured by spreading over the flesh side a lilieral supply of salt. This is done 
by placing the hides Hat on the floor. Fig. 411. ami, after cutting the ears, 
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about 40 Ib.s, of salt is thrown uniformly over eacli hide. They are then 
placed one on fop of the other in shingle-like fashion until a pile about 4 
ft. high and known as a ptick has b<*en built up. The hides on the outer 
edges are foUled over, thus making the out.'^ide higher tlnin (he middle and 
causing the moisture or pickle fonned to remain in tin- pack ami prevent 
drj'ing out. 

Drj' sidted liides are cure<l with salt as just described, and when the 
cure is complete, (hey are hung up in a shady place to dry. Domestic 
hides are not dried as a nile, the practice being more commonlj’ applied 
to imported hides on account of the ease in packing and economy in freight 
during shipment. 

13ry hides or flints are not salted but are at once stretched out in (he 
sun to dry. This method produces a verj' hard condition and so gives 
the pelt the name of flint. 

Although we shall confine ourselves, for the present, to a discussion 
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of hides, it may be well to mention at this point that there is a distinc¬ 
tion hetwetMi liides and skins. Hides are the pelt-s from large animals, such 
as tlie steer, cow, liorse, camel, and walrus. From undersized animals of 
the same species we obtain kips, and from small animals like sheep, goats, 
de<‘r, and calv(“s we g<*t skins. 

As the .supply of native liides is not sufficient to meet our requirements, 
we draw upon tlie resources of the rest of the world for the balance 
of this raw material. Outside of the domestic source the next most impor¬ 
tant is Soutli and Central America. The River Plate hides, or straight 
hides as they are known in the trade, are dry salted. Hides shipped from 
Argentina and Uruguay are spoken of as Buenos Aires and Monleindeos, 
named after the point of shipment. Hides coming from South America 
also take their name from the point of shipment, such as Puerto CabcUos, 
.yfaracoibos, Coracos, Costa Picas, Central Americas, and Orinocos. Hides 
are also obtained green salted from South America and arc known as 
frigorificos, saloderos, and metaderos. The frigorificos correspond to our 
packer hides and are taken from animals the meat of which is shipped as 
frozen beef from Argentina. Saladeros are from the smaller packing houses 
and correspond to our city take-off, while the metaderos come from the 
small butcher and are similar to our country hides. 

Swiss and Bavarian hides arc in great demand by belting leather manu¬ 
facturers, as the animals in these countries arc raised by the peasants and 
have been given the utmost attention. They are plump and heavy and 
have a clear, clean grain. 

Dry hide.s in large quantities also come into our market from China, 
Africa, India, and Australia, but such hides do not compare in quality 
with our native hides or with the hides obtained from South America. 

As previously mentioned, hides come to the tanner either as stuck 
throats or cut throats. This designation is derived from the method of 
slaughter, the stuck throats being killed by the ordinary method, whereas 
the cut throats arc killed in “kosher,” according to the Rabbinical law. 
The stuck throat gives a uniform and unbroken pattern to that portion 
of the hide near the head, while the cut throat has an excessively uneven 
pate which is practically detached from the remainder of the hide. Because 
of this unsatisfactory pattern, cut throats bring a somewhat lower price 
than stuck throats. 

Hide Defects. Defects are often found in hides and, among them, 
note should be made of the damage caused by improper take-off, by 
scores, and by grubs. Consequently, the packer, in putting down the 
hides, first inspects them for any damaged condition. The cuts naturally 
come through carelessness in flaying, and, if the hide is badly damaged 
in this way, it is thrown into second grade. Scores and brand marks also 
deteriorate the value of the hide, and grub holes in excess of a specified 
number further detract from its value. Grub holes are caused by the 
bot or warble fly which deposits eggs upon the animal. These eggs even- 
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tually find their way through the body and lodge under the hi<le over the 
rump, and the lar\’£e developing here finally force their way through the 
hide, causing a puncture. These holes soon heal, but, if the animal is 
killed before this happens, they become a source of damage to the liide. In 
certain countries, hides may be damaged by ticks, but this injury a[)pears 
usually on the shanks and is not so serious as the damage caused by 
grubs. 

Hide Disinfection. Hides and skins arc drawn from all quarters of the 
globe, and, as there is great danger of bringing in infectious disejises, the 
Government imposes very .strict regulations tus n'gards the proper disin¬ 
fection and handling of hides from foreign sources. 

Due to the fact that these law.s are rigidly enforced, we now need have 
no fear of that dread disease known as anthrax, or of any other contagion 
that might come in on animal hides, such as Joot-and-jrundh di.seasc or 
rinderpest. 

Several methods for the disinfection of hides have been proposed and 
are included in the regulations issued by the United States Government. 
The most commonly used method, however, consists in soaking the hides 
for forty-eight hours in a 1 to 1000 solution of bichloride of mercury, after 
which they may be handled with perfect safety by the workmen. Methods 
of disinfection that might kill ordinary disease germs have no effect upon 
the anthrax spores, and so this more powerful germicidal compound is 
required. In the other approved methods of disinfection, a combination 
of hydrochloric acid and salt, and a combination of fonnic acid, bichloride 
of mercury, and salt arc recommended. E.‘ich of the methods suggested 
has its particular advantages and application. 

Classification Skins. The pelts of undersized animals or l.arge calves 
arc known as kips. They range in weight from 15 to 25 lbs. ami are sold 
under the same regulations as described for hides. Being from more or 
less mature animals, they are apt to be damaged either by grubs or by 
brand marks. They come to the tanner in the green Kilted, dry salted, 
and flint conditions. 

Calfskin. All pelts under 15 lbs., except runner kips and shtnks, arc 
sold as calfskins. The slunks are the skins from unborn animals and arc 
sold as such. The larger slunks, which arc sometimes put into the light 
calfskin selection, arc known os deacons. In taking up calfskins, the buyer 
inspects for cuts, hairslips, and general condition of the pelts. 

Goatskins. As practically no goats are raised in this country and as we 
arc the largest consumers of goatskins, it is necessary for us to depend 
on foreign sources for our raw material. The chief sources for these skins 
arc the Orient, Asia, Africa, some of the European countries, and South 
America. In certain localities, large herds arc found, but this is a rare 
occurrence and, as a rule, the skins arc obtained from the peasants who 
raise a few goats for milk and food. Small collectors pick up the skins 
from the peasants and sell them to the larger dealers who, in turn, bring 
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them to the market place where the big exporter purchases them for ship- 
meiit to the United States or other countries. 

The most common method employed in curing goatskins consists 
in hanging the skin up in the sun until drJ^ If the sun is too hot, there 
is danger of burning, so drying in the shade is substituted. The dry 
skins, when they reach the final purchaser, arc sorted for size and weight 
and packed into bales, a small amount of naphthalene being placed between 
the skins to prevent damage from moths and bugs and to overcome the 
tendency to heat. 

Skins coming from various localities show the influence of climatic 
conditions. Those from the colder countries have long hair, whereas those 
from the warmer countries do not require this protection. The longer 
the hair, the poorer the pelt is for leather purposes. Thus we find the skins 
with short hair to be more in demand, and, consequently, they bring a 
better price. 

Goatskins are designated by the name of the country from which they 
come or from their point of shipment. Among the finest skins are those 
from Spain, which are noted for their fine grain, plumpness, and freedom 
from imperfections. The best selection comes from Valencia, Catalonia, 
Barcelona, and Seville. 

The skins coming from the northern part of Italy are of good selection 
and quality, wliereas those from the southern provinces are much inferior. 
A large number of skins come from the island of Sicily, and are known 
as Messinas and Palermos. Italian and Sicilian skins weigh from 2j to 
3 lbs. each. 

Skins originating in Austria, Hungary, and the Balkan states arc 
known as Southern Europe goatskins. They are of good quality and 
come in as “cased,” that is, they are not cut open. They are usually flint 
dried and weigh from 3} to 3-1 lbs. each. 

“Levant goatskins” are those obtained from Asiatic Turkey. They 
arc inferior to Balkan skins, having a coarse grain and long, black hair. 
They are dry salted and average in weight from 3^ to 3§ lbs. 

Under normal conditions, Russia, including Siberia and Central Asia, 
produces more skins than any other country in the world. As received 
in this country they are called “Petropauls,” “Turkestans,” and “Bok- 
haras. Depending upon their origin, the skins vary in weight and general 
characteristics, but on the whole they are considered as of good quality. 

High-grade skins come from Morocco. In the market they are known 
as “Casablancas,” “Mogadors,” and “Marrakesh.” Skins originating in 
South Africa are known as “Capes,” and, depending on the point of ship¬ 
ment, are classified as “Capetowns,” “Algoabays,” and “Kaffirs.” 

From the region of the Red Sea we get the Arabian goatskins known 
i?t^ ^ trade as Mochas, while those from Abyssinia are designated as 

India is the most important source of goatskins. From this country 
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we obtain both raw skins and those in a partly tanned condition. The 
most highly prized Indian skins are those known as “rutnas,’' which 
derive their name from Patna, the point of shipment in the Province of 
Bengal. From the district east of Patna the skins are known as " Daecas.” 


Other skins obtained from India arc called “Kushtias,*’ 
“Agra.s,” “Pimjabs,” “Amritsars,” and “Madras.” 


Oudhs,” 


Chinese goatskins var>' little, regardless of the point of shipment. 
The principal ports from which these skins come are Tientsin, Chowching, 
Shantafoot, Paotingfoo, Hankow, Honan, and Shanghai. 


Of the South American countries Argentine and Brazil arc the largest 
producers of goatskins. Those from Brazil arc the most desirable and 


bring the highest price. They are known 
ment as “Buenos Aires,” “Pcrnambucos,” 


according to the point of ship- 
“Cordovas,” and several others. 


Quite large quantities of skins come from Mexico and the West Indies, 
and, like other skins, are designated by the point of shipment. Most skins 
from Mexico are known as “Tampicos.” 


Sheepskins. The number of sheepskins available to the tanner exceed 


all other kinds, but, as the sheep is raised primarily for its wool and flesh, 
little attention has been paid to the proper handling and care of the pelt. 
Although they form a separate group, they pass by gradual stages into tlio 
goat clas-sificution, that is, a sheepskin with short hair or wool quite nearly 
approaches the character of a goatskin. The general character of a slieep- 
•skin, however, depends largely upon its environment and method of feed¬ 


ing. The longer and coarser the wool, the coarser and weaker the grain. 
Sheep.skins are received by the tanner in the hair or in the pickled condi¬ 
tion. The latter have been pulled by the fellrnongcr for the wool and are 


to him a by-product. Within recent years, more care has been given to 
the pelt than in the past, so that at the present time there is a great 
improvement in the raw material. The largest number of sheepskins come 
from New Zealand and the British Isles, but large numbers of domestic 
skins arc also available. 


Ilogskins. Up to the present time the manufacture of hogskins into 
leather has not reached any large proportions. Steps are being taken, 
liowevcr, to utilize this very valuable raw material and the time is not 
far distant when hogskin leather will become a staple article. 

Although the hides and skins already enumerated constitute the bulk 
of the raw material used in the production of leather, there are other sources 
from which we draw and from which very high grade leathers are produced. 
In this connection, we will simply mention in passing that leather is pro¬ 
duced in considerable quantities from the pelts or coverings of deer, kan¬ 
garoo, buffalo, dogs, seals, walrus, sharks, porpoise, whales, rays, sturgeon, 
alligators, crocodiles, lizards, ostriches, and many others. 

Commercial Aspect of the Industry. To gain some idea of the extent 
of the leather industry it may be well to refer to the Government reports 
as compiled by the Tanners Council of America for the year 1926. In that 
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year the tanning industry of the United States consumed 127,213,000 
hides and skins, which were distributed as follows: 


Cattle hides. 22,270,000 

Calf and kip skins. 15,754,000 

Goat and kid skins. 49,776,000 

Sheep and lamb skins. 31,663,000 

Other hides and skins. 7,757,000 


127,213,000 

It is also of interest to note how dependent we are upon foreign com¬ 
merce in this industry, which is reSected in the following table of imports 
and exports for the year of 1926. 


TRADING IN HIDES AND SKINS FOR 1926 



Imports 

Exports 

Cattle hides. 

3,361,000 

7,578.000 

53,498,000 

1,649,000 

1,069,000 

898,000 

1,675,000 

610,000 

Cnlf nnd kip skins. 

Gout and kid skins. 

Shoop and lamb skins. 

Wooled skins. 

Slats. 

3,715,000 

19,504.000 

549,000 

747,000 

508,000 

1,094,000 

137,000 

6,087,000 

$96,812,000 

Splits, fleshers, and skivers. 

Kangaroo and wallaby. 


Horse and colt. 

11,000 

Deer and elk. 

BufTalo. 

1,000 

12,752,000 

$15,921,000 

All nihnra 

Value. 



Soaking of Hides and Skins. As hides and skins come to the tanner, 
they are more or less contaminated with salt, dirt, blood, and manure, 
all of which must be removed and the pelt brought to the same soft and 
flaccid condition as when taken from the animal’s back. The operation 
which accomplishes this is spoken of as soaking^ and it is upon the care 
taken that the character of the resulting leather largely depends Too 
little soaking produces a hard, flat leather, whereas too long soaking is 
apt to result in the loss of some hide substance and damage to the grain. 

An erroneous idea seems to be quite prevalent that putrid soaks mate¬ 
rially assist in softening the stock. Soak waters should be fresh, and, 
furthermore, proper germicidal agents should in some cases be introduced. 
For certain classes of raw stock, a decided benefit is derived by using 
chemical assistants. We will take up the various classes of raw stock 
and discuss imder each heading the methods to be employed. 
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To complete the picture as regards our foreign trade we should study 
the following table: 


EXPORTS AND IMPORTS OF LEATHER FOR 1926 


Glove. 

Upholstery.... 
Case, bag, starp 
Pianoforte 


Chumois (doz.). 


48,000 
7 774 fWVl 

Sole (lbs.). 

13,170,000 

Cut soles. 

535,000 
097,000 
286,000 
91.000 
10,455,000 
9 740 non 

Hnrncss, collar, mddlc. 

172,000 

Belting. 

PigBkin. 


Rough leather. 


All others. 

10,428,000 

$49,814,000 

Value. 

nnfi 




6,421,000 

2,851,000 

292,000 



Exports 

Cattle upper (sq. ft.). . 

22,827,000 

31,726,000 

8,190,000 

48,546,000 

879,000 

30,616,000 
3,003,000 

Calf and kip. 

Sheep and lamb. 

Goat and ki<i. 

Horse and colt. ' 

Patent (all kind.s). 

Others. 

Lining, calf. 

Wax splits (lbs.). 

2,855.000 

892.000 

Fancy (sq. ft.). 


Imports 


422,000 

20 , 212,000 

3.093,000 

6,734,000 

4,945,000 

3,705,000 

13,668,000 

253,000 

3,580.000 

272.000 

12,000 

792,000 


Fresh or Market Hides. This grade of stock, not having been cured, is 
already soft and requires only a slight washing to remove dirt and manure. 
After trimming the stock, this is usually done by tumbling in cold running 
water for about half an hour, using a pinmill or drum for the purpose. 

Green~salled IIides. In handling this class of hides the stock is usually 
trimmed in the hide cellar, the pate, shanks, and tail being cut ofT, care 
always being exercised to avoid an excessive loss of leather-forming mate¬ 
rial. The usual method of soaking (Fig. 415), consists in throwing the 
hides, or in some cases the sides, into a pit containing fresh water. Here 
the stock remains for twenty-four hours, or overnight, after which it should 
be pulled out and milled with running water for half an hour. For most 
hides this is sufficient soaking to bring the stock to the proper clean and soft 
condition. A longer soaking than the one just indicated is apt to result in 
more damage than benefit to the rc.sulting finished leather. If, however, it is 
desired to give a longer treatment in the soaks, clean, fresh water sliouid be 
used on the second day. It is also beneficial to add to the soak water a 
small quantity of some mild disinfectant. Many excellent disinfectants are 
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;iva.il;iblo, most of wliirli are procliicod from tar acids by combining 
tlicm witli an emulsifying agent. Tlic o])jection to such disinfectants is 
that they leave a strong carbolic odor and produce a rather greasy feel. 
Bichloride of mercury is sometimes used, and even very dilute alkalis such 
as ca\istic so<la, sodium sulphide, soda ash. and borax, 1 lb. per 100 gals, 
being usually taktai. One of the more recent di.sinfectants, which is being 
used in llinope witli marked success and whicli ha.s been investigated by 
the writ<‘r. is the product .sold uiuler the tra<le name of (.’ollatone. One 



Fio. 415.—TIiilcs Togglc<l Together Re.^ly for Soaking. 


j)ound of the material in 500 gals, of water will effectually prevent bacterial 
jiction in the soaks and has no detrimental action during subsequent 
operations. It also is completely soluble in water and leaves no odor 
or greasy feel upon the stock. 

It is most essential that the hides be clean and soft before entering 
the limes and should retain their substance intact. Prolonged soaking 
without disinfection of some kind results in loss of hide substance and in 
a loose, spongj' leather. 

Dry-sallcd Hides. Hides that have been dried after salting require a 
longer soaking in order to bring them back to their original soft condition. 
The usual procedure is to place the stock in water for twenty-four hours 
and then mill in running water for half an hour. It should then be in a 
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sufficiently soft condition to cut into sides, after which they are returned 
to tlic soaks for another twenty-four hours. Following the second day of 
soaking the sides are dr>'-milled for half an hour, fleshed, and piled down 
overnight. Some dr>'-salted stock does not respond to the above treat¬ 
ment, in which case it is well to introduce a small quantity of some soften- 

rather than to subject the hides to longer soaking. The rno.^^t 
efficient softening agent is caustic soda, 1 lb. for each 100 gals, of water. 
This treatment should be during the second day in the soak. Should it 
be desired to accompli.sh the softening by a longer soaking, then some 
disinfectant should Im) added to the water and for this purpose CoUatonc 
is recommended, using 1 lb. for each oOO gal.s. of water. 

Dry Ihdcs. Hides which have been dried without salting require a 
much longer treatment than salted hides to bring them back to a soft 
and pliable condition. Some tanners soak drj' hides for six or .seven daj's, 
but, in so doing, undoubtedly lose much valuable hide substance. This 
procedure should, therefore, be discouraged and more raj)id methods 
employed. A method which gives ver>' goo<i results consists in soaking 
the hides in water to which 1 lb. of caustic soda has been added for each 
100 gals. The hides are placed in this solution for twenty-four hours 
and are then dry-milled or worked in the stocks for half an hour. They 
are then piled down overnight and the next day returned to the alkaline 
soak. On the following day they should be again milled, this time with 
running water, fleshed, placed in clean water overnight and, on the fol¬ 
lowing day, should be ready for the limes. 

In order to facilitate depilation, hide.s and skins are usually fleshed 
prior to entering the depilatory liquor. This operation is accomplished 
over a beam with a sharp knife or by means of machines built for the 
purpo.se. This treatment removes the excess of fat and flesh from the 
under side of the pelt and not only conserves the material used, but better 
exposes the hide to the action of the chemical employed. 

Kips. In soaking kips the same method applies as given for hides. 

Calfskins. One of the most important proces.se.s in the manufacture of 
calfskin leather Is soaking. The greatest of care should bo exercised, ns the 
skins are tender and are very apt to become damaged through bacterial or 
other agencies. The stock, after trimming, is soaked either in still pits or 
paddles (Fig. 416), the latter l>eing preferable. It is good practice to peri¬ 
odically clean and disinfect the soaks, as bacterial action, when once 
started, progresses very rapidly, and, before the tanner is aware of it, dam¬ 
aged skins will appear. One of the most efficient disinfectants for this pur¬ 
pose is Collatone, used as previou.sly indicated. Green-salted skins may be 
liandlcd in the same manner as .suggested for green-salted hides, except that 
the soaking in paddles is to be preferred to pit soaking. Dry calfskins do 
not require as long a soaking as hides, but the same procedure may be 
carried out in all respects except as to time, which can be somewhat 
shortened. 
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Shrrp.<ikinf:. When these skins arc received in the green or green- 
salted condition, it is only necessarj' to soak in clean water to secure the 
desired condition. In the case of dr>’-salted or dry skins, it is usually 
necessary to add some material to as.sist in softening, and, for this pur¬ 
pose, either borax or ammonium carbonate may be found satisfactory'. 
One pound of borax or ammonium carl)onatc to each 100 gals, of water 
is sufficient. 7die time required to soften sheepskin is much shorter than 
for hides or calfskins. The softening may also be hastened by breaking 
the stock over the beam after one day in the soak. 



Fia. 41C.—Row of Paddle Vats Used for Soaking Calfskins. 


Goofskins. Practically all goatskins come to the tanner either in a 
dry-salted or dry condition. It is absolutely essential that they be brought 
to a clean and soft condition as rapidly as possible and, to insure this, 
chemical soaks are commonly used. The most effective method for both 
classes is to place the skins in a solution containing 2 lbs. of sodium sulphide 
for each 100 gals, of water. At the end of twenty-four hours the skins are 
transferred to a drum and milled for half an hour with running water. If 
sufficiently soft to do so, they should be broken over a beam or on the flesh¬ 
ing machine and returned to the sulphide soak for another day. Should 
they be sufficiently soft, they may be placed in the limes, or, if not, they 
should be dry-milled, packed down overnight and given another twenty- 
four hours in the soaks. In no case should goatskins enter the limes until 
they are perfectly soft and clean. 
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Ptgfihn.^!. The skin from the pig contains a large amount of fat which 
must be eliminated before any tanning process can be undertaken. This 
is done by washing the skin in a slightly warm solution of sodium car¬ 
bonate and then, after washing in clear water, tliey are ready for the 
limes. In case of dry skins, it is neccss;ir>' to first soak in plain water 
before gi\dng the alkali treatment. In place of the sodium carbonate 
degreasing compounds are sometimes employed. The stock, after 
having l>ecn softened, is placed in a mill witli the degreasing compound 

and then washed with wann water. Kerosene is sometimes used for this 
purpose. 

Water for Tannery Purposes. Water is used in the tannerj' for soaking 
and washing, making limes, preparing bates or puers, leaching barks 
and dissolving e.vtracts, also for steam boilers, and in dyeing. For all of 
these puqjoses the water should l>e as pure as possible. The tannery^ must 
be located in a section where a good water supply is available, and the 
water, if hard, must be softened by chemical means. The most objec¬ 
tionable features of a bad water supply are its temporarj^ and permanent 
hardness. Both may be removed by a proper softening agent, such as 
sodium carbonate. The treatment should be carried out in binks, and 
the sludge allowed to settle before use. A small amount of hardness is not 
hannful, however, and up to ten parts of solids per hundred thousand may 
be disregarded. Water possessing temporary hardness will cause the fol¬ 
lowing objectionable conditions: When leaching, the calcium and magne¬ 
sium carbonates in it combine with the tannin to fonn an insoluble sub¬ 
stance with no tanning properties. In dissolving basic dyes with this kind 
of water there is a precipitation of the color base, which renders part of 
the dye useless. Further, as this precipitate is deposited on the skin, it 
causes uneven dyeing and gives rise to spots and streaks. 

Permanent hardne.s3 is very objectionable in water for boiler purposes, 
but otherwise for leather manufacture is not so harmful as temporary 
hardness. The presence of calcium and magnc.sium sulphates is usually 
the cause of pennanent hardness, and these salts being already combined 
with a strong acid can have no action upon the tannic acid during the 
process of leaching. There might possibly be a sUght tendency to lessen 
the solubility of the tannins, however, but this could be overcome by 
softening water of extreme hardness. One danger from water containing 
calcium and magnesium sulphates arises during the process of scouring 
and fat^liquoring, when one part of lime, reckoned as carbonate, destroys 
twelve parts of soap, producing a sticky and insoluble lime soap which 
adheres to the fiber and is very difficult to remove. 

Mud under any circumstances Ls objectionable, for it usually contains 
organisms that encourage the putrefaction of hides during the soaking 
process. It also almost always holds iron, which cither produces stains 
or gives a dark-colored leather. Sodium sulphate is probably inoperative. 
Sodium chloride, on the other hand, prevents plumping, and may be 
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the cause of thin and soft leather, and in large amounts will gjeatly 
impede the proper exhaustion of many tanning materials. 

Depilation. Before hides and skins are fit for actual conversion into 
leather they must be freed of the hair and epidermis, therefore they are 
treated in some manner to remove these. The process is known as depila¬ 
tion, sometimes spoken of as itnhairing, or more often simply as liming. 
Whatever the method, certain changes in the hide structure take place, 
and, duo to the extent and nature of these changes, certain desirable 
characteristics arc imparted to the finished product. Not only, therefore, 
do we desire to simply remove the hair and epidermis, but, at the same 
time, we wish to treat the hide or skin so as to best prepare it for the 
particular purpose it is intended to serve. For example, sole leather 
requires a very hard, tight leather, whereas, on the other hand, glove 
leather must be soft and as stretchy as possible. Of course, the kind of 
raw stock used is chosen with the idea of making a particular leather, but 
the same raw stock may be used for an entirely different product by 
changing the depilating process. 

Sweating. No doubt, the oldest method of depilating consisted in sub¬ 
jecting the hide to a sort of rotting process. It must have been noticed 
early that when a hide rots the first change observed is the falling off of 
the hair, and so we conclude that the ancients used this method. The 
practice, which has been somewhat modified and is now known as sweat¬ 
ing, hjxs been handed down through the ages and, for certain classes of 
leather and in certain countries, is still commonly employed. In place of 
the old method, where the hides were placed in piles in a warm, damp 
room, they are now hung up in a closed, damp room or cellar called a 
sweat pit. There are two general methods of sweating, one being kno^vn 
as the cold sweat, operated at a temperature of 70® F., and the other as 
the warm sweat, where the temperature of 80® F. is maintained. The cold 
sweat is used for dehairing dry hides in the production of sole leather, 
while the warm pit is employed in treating sheepskins, and is now com¬ 
monly spoken of as staling. The sweat pit or cellar is usually built above 
ground and is protected from outside atmospheric influences by means of 
a double wall between which and the inner wall is a filling of tan-bark or 
other material to prevent loss of heat by radiation. The temperature in 
the sweat pit is maintained by means of steam pipes, and a sprinkler sys¬ 
tem supplies the necessary moisture. The pit is divided into chambers, 
each capable of holding a single pack. The sweating operation takes from 
four to five days and, as the hair begins to slip, the hides are dropped to 
the floor where a lower temperature retards putrefaction. At the end of 
the sweating process, the hides are thrown for a short time into a weak 
lime liquor so that the slimy feel may be removed and the stock allowed 
to become slightly plump. The value of the foregoing process is due to 
the fact that the hides are left in a firm condition, but has the disadvan¬ 
tage that, if not very carefully handled, excessive putrefaction may result 
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in damaged grain. The changes taking place fluring sweating are brought 
about by bacterial action, causing the ileeomposition of the proteins into 
amino bodie.s, ammonia, and various other i)roducts. Hence, a very strong 
ammoniacal odor is obsen^ed in the sweat pit, noticed likewise when ani¬ 
mal matter of any kind is undergoing decomposition. 

Lining. The oltlest chemical method for loost'ning hair and epidermis 
is by means of slaked lime. As employed today, this method does not 
differ materially from that u.sed many centuries ago, the only changes 
being in the mechanical part of the procedure. Lime used for depilation 
should be as free as po.ssiblc from clay and iron and should be low in 
magnesia content. In preparing lime for unhairing piiri)oses, great care 
should be exercised to see that all of the lumps are disintegrated, as the 
pre.sencc of even small lumps of unslaked lime will cause damage to the 
stock by getting into the folds of the skin and generating heat. 

The best method to slake lime in the tanner>'^ is to place the lumps in 
an open box and pour over the mass small quantities of water. Heat 
i.s at once generated and as the product becomes swollen and dr>', more 
water is added and the pasty material worked over with a hoe until a 
creamy product free from lumps is the result. When properly slaked, the 
paste may be kept almost indefinitely without danger of deterioration and 
may be used in making up the limes, as will be described later. 

Within recent years a product has l)een placed on the market known 
as hydrated lime. The advantage of this hydrated lime over lump lime Is 
that it may be kept indefinitely without cluinge, obviates the nece.ssity 
of slaking, and eliminates the lo.ss of lime caused by air slaking when 
stored in lump fonn. Hydrated lime is identical chemically with .slaked 
lime and has all of the strength and benefit to be derived from lime that is 
slaked by the tanner. Some people entertain the idea that hydrated lime 
does not work as well as slaked lump lime. This is erroneous, and when 
unsatisfactory results are obtained by using hydrated lime, it is the fault 
of the operator and not of the product. 

On account of its limited solubility, lime is probably the safest material 
to use for depilation, for any excess remains inactive and is only dissolved 
as fast as taken up by the hide. The solubility of lime is 1.3 parts i)er 
1000 parts of water, or, rouglily, 100 gals, of water will dissolve only 
1} lbs. of lime. In making up a lime liquor, no matter how much is 
placed in the pit, only the above quantity will be active. As a matter 
of fact, however, we always have present more than IJ lbs. of lime for 
each 100 gals., because we know that the hide is constantly absorbing 
the lime and there must be a sufficient quantity present to keep the liquor 
saturated. In practice many tanners use far too much lime, which is a 
waste of money. Ten pounds of lime for each 100 gals, of liquor is more 
than sufficient to furnish all of the calcium hydroxide required, and any 
amount over this is unnecessary. 

It is claimed by some tanners that, in order to properly unhair hides. 
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they should first be subjected to old lime liquors and gradually brought 
into fresh lime. This may be so to a certain extent, but good judgment 
should be exercised in using the old limes. Some people claim that stock 
cannot be properly depilated with fresh lime, but those who make this 
assertion have evidently never tried to do so. In the statement regarding 
old limes, it is intended to convey the thought that by old limes is meant 
putrid limes, not used limes as will be suggested later on. 

The usual method of liming consists in placing the hides one at a time 
into the prepared lime liquor, taking care that each hide is immersed before 
entering the next one. The hides are taken out {hauled) each day and the 
licpior bettered by adding more lime and well plunged up to distribute the 
iiiulissolved calcium hydroxide throughout the pit. The hides are then 
returned {act), exercising the same care as when first introduced. In some 
tanneries the hides are hooked together {toggled) and, by means of a reel, 
arc passed from one pit to another, or even to the same pit. Sometimes 
the hides are suspended in the lime liquor while the latter is kept in motion 
by means of paddles or compressed air. Still another method is to place 
the stock either in paddle pits or still pits provided with movable paddles. 
In all cases, the object is to change the position of the hides so that they 
may constantly be brought into contact with a full-strength liquor. 

The action of lime on the hide or skin is to swell up and soften the 
epidermis, dissolve the mucous layer, and loosen the hair. The corium 
becomes plump and swollen also during liming, and the cementing mate¬ 
rial between the fibers is dissolved, leaving the fibers split up into finer 
fibriles. The swelling is due to hydrolysis of the albuminous matter (taking 
up of combined water), and to the formation of a lime soap. 

The time of liming varies with the stock being treated and may be from 
three to sixty days, the time, of course, having a marked influence upon the 
finished product. Short liming produces a tight leather, whereas long 
liming gives a loose, open grain. The former is required in the production 
of sole leather, whereas the latter is desirable for glove and fancy stock. 

Sulphiding. Another chemical largely used as a depilating agent is 
sodium sulphide. It may be used by itself or in combination with other 
substances and is especially useful as an adjunct to lime. When used alone, 
it rapidly and completely dissolves the hair and epidermis, but has the 
disadvantage of causing an excessive plumping of the stock with a ten¬ 
dency toward the formation of a false grain and loss of measurement. It 
has the advantage of being a time saver, of giving more weight, and of 
producing a tight grain. When use alone, the strength of liquor employed 
is usually 20° Bk. at a temperature of 75° F. Sulphiding is always done 
in a paddle, and the time required to completely remove the hair is about 
two hours. The stock, however, is usually allowed to remain in the liquor 
overnight, and, on the following day, it is washed with running water, 
neutralized with sodium bicarbonate, and washed again. 

For certain classes of raw stock, where the hair is of value, a paste of 
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sodium sulphide is prepared and painted on the flosli side. The skins are 
then placed flesh to flesh and allowed to remain in piles overnight, after 
which the hair may be easily removed by hand. This is the motfiod com¬ 
monly used by wooI-puUers and by tanners working stock with valu¬ 
able hair. 

Although sodium sulphide may be used alone as a depilating agent, its 
use as such is restricted. On the other hand, its emploj'ment in conjunc¬ 
tion with lime is very important, and its application in this manner will 
be considered. 

Liming for Sole Leather. The well-soaked and thoro\ighly washed hides 
are toggled together either as full hides or sides and are nm into the first 
lime liquor. In starting this operation the first liquor should l>e ma<le up 
of 10 per cent of hydrated lime and 2 per cent of sodium sulphide estimated 
on the wet weiglit of the stock. After remaining in this liquor for one 
day the hides arc reeled into a second liquor made up of 10 per cent of 
hydrated lime and 1 per cent of sodium sulphide. The latter should be 
dissolved in boiling water before it Ls placed in the pit. On the third day 
the pack is reeled into a straight lime liquor containing 10 per cent on the 
weight of the stock. On the fourth and fifth days the stock is passed 
forward to the same strength of lime, and, on the sixth day, they are 
thrown into the warm pool for half an hour, after w’hich they arc ready 
for dchairing. If the hides carr>' mucli white hair this is spotted, as white 
hair brings a higher price than colored hair. The spotting is accomplished 
by spreading the hides on the floor and scraping the white hair off with 
a hoc. The spotted hide Ls now worked over the beam or on the unhairing 
machine (Fig. 417), to remove the remainder of the hair. 

In some tanneries, the stock is lightly fleshed l>efore liming. Wiether 
this has been done or not, they are now fleshed either by hand or on the 
fleshing machine, in order to secure a uniform thickness and a clean flesh. 
To be sure that all fine hairs have been eliminated the hides should bo 
inspected on a table (Fig. 418), and in a good light. Failure to make such 
an inspection often results in the finished leather showing more or less 
unremoved hair. 

In carrying out the foregoing process on a commercial basis, it would, 
of course, be too expensive to make up new limes for each pack. In order 
to render this process practical, the following modification should be 
employed: The liming having been established as indicated, let us desig¬ 
nate the lime into which the hides first enter as the tail pit, and the lime 
in which the hides remain for the last day as the head pit. In starting the 
system fill the pits as if they contained hides. On the second day, and 
every day thereafter as the hides are moved forward, draw off the lime 
and sulphide liquors in the tail pit. At the same time add sufficient water 
and 10 per cent of hydrated lime to the head pit to completely fill all of 
the pits. This can be regulated by a press system, meaning that the pits 
are constructed in such a manner that the overflow from the head pit runs 
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into the next in series, from this to the next, and so on to the tail pit. By 
means of compressed air, or sotnc other method of stirring and by the reel¬ 
ing of the stock, tlic lujuors are thoroughly plunged and the lime held in 
suspension. The Ikpior overflowing into the tail pit i.s sufficiently strong 
in lime and only recpiires the ad<iition of sodium sulphide to bring it up to 
normal. This is accomplished by adding 2 per cent of sodium sulphide to 
the tail pit before the stock is entered. In tlie second pit there has been 
a reduction of .sulphide strength, and .so 1 per cent of sodium .sulphide is 
there introduced. 

Having once established such a system, the treatment will always be 
uniform, and, as a re.sult, all hides will come through the lime in e.xactly 
the same condition. 

Ljmittg of Calf ami Kip. The same procedure as indicated for sole 
leather may be applied to this grade of stock, with the e.xception that, if 
a tight grain is desired, the time of liming may be cut to three or four days. 
If a thin grain and open leather is desired, the time may be increased 
to six or seven days. The longer the skins remain in the lime, the softer 
and njore open will be the resulting leather. 

Some tanners prefer to u.se paddles for calfskins, and. when this is 
desired, cither a set of paddles or a single paddle may be used. In the 
case of a single paddle, the stock is entered in the liquor made up of 5 per 
cent of lime and 1 per cent of sodium sulphide on the weight of the stock. 
After one day in this liquor with occasional stirring, another ecpial quan¬ 
tity of lime and sulphide is introduced and, at the end of the second day, 

5 per cent of lime added. On the fourth day, the skins should be in con¬ 
dition for dchairing. 

A two-paddle system for calfskins consists in working the skins in the 
same manner as just de.scribed until the end of the second day. They 
should then be transferred to a second paddle containing 10 per cent of 
lime on the weight of the stock and kept in this straight lime for two 
days. To make this continuous and conserve the lime as much as pos¬ 
sible, the spent lime paddle liquor may be used for the new pack by simply 
adding to it on the first day 1 per cent of stKlium sulphide and, on the 
second day, bettering with 5 per cent of lime and 1 per cent of sulphide. 
At the end of the second day, the pack is transferred to fresh lime in a sep¬ 
arate paddle, using, as before, 10 per cent. On removal the pack for 
dchairing this paddle, with the addition of sulphide, is used for the new 
pack. A unifonn method of treatment is thereby established. 

Liming of Goatskins for Shoe Leather. Goatskins, being of an exceed¬ 
ingly firm structure, require a much longer treatment than hides or calf¬ 
skins, and, althougli there are various methods employed, the following 
will be found to give satisfactory results: The well-soaked skins are 
placed in a liquor containing 5 per cent of lime and 1 per cent of sulphide, 
and, after twenty-four hours, arc moved to a second liquor of the same 
strength. At the end of the second day, and each two days thereafter. 
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up to twelve days in the summer and fourteen days in the winter, they 
are moved forward into a 10 per cent lime solution. The operation is 
usually carried out in press layer pits, although sometimes still pits or 
paddle.s are employed. 

Liming of Sheepskins. In handling sheepskins, it is almost universal 
practice to paint tlie skins on the flesh jus already described in order to 
recov'er the wool in as clejin a condition as possible. This painting may be 
done witli sulphide alone, but it is more common to make up a 10® B#. 
sulpliide solution jind tlien add to this enough slaked lime to make a thin 
paste. Th(‘ pjiste is painted on the flesh side and after pulling the wool 



Fio. 419.—Unhairing Calfskin. 


the skins jirc thrown into a 10 per cent lime liquor where they remain with 
at lejist one bettering for from six to ten days, or, in some cases, even 
longer, depending upon the leather to be produced. The longer the liming, 
the more open and stretchy is the resulting product. In some cases, the 
skins remain in the limes for as long as forty days. By this long liming, 
however, the grain is entirely loosened from the true skin, and, when 
worked over the beam with a flat stick, the grain is all removed. This 
operation, known as frizing, is resorted to for the production of certain 
kinds of leather. Certain goatskins are treated in a similar manner for 
obtaining castor and mocha leather. 

Arsenic Sulphide. When sulphide of arsenic is mixed with hot water 
and added to lime, or added to lime during slaking, it adds greatly to the 
depilatory value. Combinations of this kin d are especially good for fine 
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leather, to which they give the necessary stretch, softness, and clear grain. 
About I of 1 per cent with 5 to 10 per cent of lime is used. For sheepskins, 
deerskins, and goatskins requiring a long liming, this combination is verj' 
largely employed. In the two latter instances, the time of liming may be 
even as long as sixty days. In carrying out this practice with arsenic lime, 
the same procedure is employed as with other methods, except that in all 
pits the arsenic sulphide content is maintained constant, the strength of 
lime being about 10 per cent. 

Arazym. Within recent years, a product has been brouglit to the 
attention of the tanner under the trade name of Arazytn. This product 
is composed very largely of “pancreatin,” an enzyme derived from the 
pancreas. In an alkaline solution, pancreatin has the power of di.ssolving 
the cementing material between the 6bers and other boilies which hold 
the epidermis and hair to the true skin. This material has passed the 
experimental stage and is being used successfully by quite a numl>er of 
tanners. The stock, as it is remove<l from the arazjun solution, is in a 
soft and open condition similar to that of bated skins. 

In operating this procc.ss, the well-soaked skins are placetl in a solution 
of caustic soda for from thirtj'-six to forty-eight hours, the strength of 
which consists of 4 lbs. of caustic soda in 125 gals, of water. From the 
caustic soda treatment, the skins arc tninsfcrred to a paddle containing 
10 lbs. of sodium bicarbonate to 125 gals, of w.ater for 100 lbs. of skins. 
After running for an hour in the bicarbonate .solution, there is introduced 
1 lb. of arazym and the skins are run for about twenty minutes. They arc 
then allowed to rest in the solution overnight, and, on the following day, 
they arc dehaired. 

For many purposes the stock from the arazym treatment is stifficiently 
soft for tanning, but when a more pliable leather is desired they may bo 
improved by bating. 

In order to secure the best results, all leather after depilation should 
be well cleaned on the grain. This is done on the unhairing machine, 
and also by beaming, but, for colored leather, the beaming should be 
followed by washing in running water long enough to clean off super¬ 
fluous foreign matter. 

Methyl Amine. The addition of methyl amine to lime liquor has been 
suggested and is being used to some extent. Its use is, however, still 
experimental. 

Deliming and Bating. The presence of lime or other alkali, remain¬ 
ing in the pelt after unhairing, has a most injurious action upon 
vegetable tanning materials and also prevents the proper absorption of 
mineral tannage. It becomes necessary, therefore, to remove at least the 
surface lime for sole leather tannage and completely to eliminate the 
depilatory material before attempting to produce any form of soft leather. 

When the lime or other depilatory is removed by means of chemicals 
the process is spoken of as deliming. If, however, recourse is made to 
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feriTientation or cnzjTne action, the process is known cither as bating or 
pucring. These two terms through long usage have beome well established 
in the industiy. Bating formerly consisted in treating the skins with a 
fermenting infusion of pigeon or hen manure and was mainly applied to 
the heavier classes of dressing, leather such as sides, kips, and calfskin. 
Puering is a verj' similar process to bating, applied to the lighter skins 
for glove and glac6 kid and morocco leather, and, in place of the excrement 
from birds, dog dung was formerly, and is still, employed in a few tan¬ 
neries. In modem plants, however, these obnoxious materials have been 
almost completely supplanted by more scientific and sanitary methods. 
The name of the process, as stated, still remains, and is applied to the 
different classes of leather, as will shortly be indicated. 

In dealing with this subject, it seems wise first to consider the purely 
chemical methods, discussing later the more involved bacterial, fermen¬ 
tation, or enzyme processes. 

Deliming. For certain classes, such as sole and belting leather, no 
softening is required, and so we find that some tanners are content to 
suspend the unhaired hide overnight in a tank of water called the cold 
pool. This simply removes a small portion of the surface lime, and the 
tanner depends upon the acids generated in the tail liquor to neutralize 
that remaining. In certain other tanneries the addition of acid to the 
water in the cold pool is considered advantageous, and, in fact, is the most 
common practice. The acids used for this purpose are quite numerous, 
but the one generally employed in this country is lactic acid. In making 
up a lactic acid solution, the amount ordinarily used is 2 lbs. for each 
100 gals, of liquor. The action of the acid is at once to combine with 
the surface lime, producing calcium lactate. As the lime is removed, the 
stock falls, but, owing to the slight excess of acid usually present, plump¬ 
ing again occurs. The practice followed in using lactic acid is not a uni¬ 
form one, as some tanners prefer simply to remove the surface lime and 
depend upon plumping to take place in the tail rocker liquors, while 
others remove the bulk of the lime before entering the yard liquors. In 
using lactic acid, care should be taken to see that it is absolutely free from 
iron salts. 

In order to determine the extent to which lime has been removed, the 
following simple test may be applied: Cut through the edge of the hide 
at the thickest part and apply a few drops of phenolphthalein. The pres¬ 
ence of lime will be indicated by a deep purple color, the line of demarca¬ 
tion between which and the neutralized portion is very distinctly seen. 
If no purple color is obtained, the hide is completely delimed. 

In deliming with acids, care should be exercised to avoid too great 
an excess. The reason for this is that hide substance has a strong affinity 
for acid and, if too much is present, the stock will become overswollen, 
resulting in a tender or cracky grain in the finished product. 

Within recent years formic acid has been produced on a commercial 
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scale, and, on account of its strenfdh and rapidity of penetration, has 
met with considerable favor as a deliining agent. Its use, however, has 
not become general. 

Sulphuric acid, although it is the strongest of all mineral acids, is not, 
as a rule, used as a deliining agent. The reason for thi.s is that calcium 
sulphate is only slightlj' soluble in water, and so remains in the stock. 
For some classes of leather this is not a great objection and, in fact, is 
claimed by some tanners to have its advantages. This is especially the 
case in the handling of dry hides by the so-called acid hemlock method. 
The hides from the limes, after having been washed, are placed in a ver>’ 
weak sulphuric acid solution. The first effect is to neutralize the lime 
and subsequently, owing to the strong affinity of hitle substance for min¬ 
eral acids, plumping of the stock results. By regulating the amount of 
acid present the degree of deliining may b(‘ controlled. 

When hydrochloric acid is used as a deliining agent, an entirely dif¬ 
ferent result is secured, in that the calcium chloride fonned is soluble in 
water and so is entirely rc'inoved from the stock. On account of the vola¬ 
tile nature of hydrochloric acid, its use as a deliming agent is much safer 
than sulphuric acid. 

One of the most satisfactory mineral acids for this purpose is sulphurous 
acid, as an excess of the acid has no harmful effect upon the stock. It 
not only leaves it in a somewhat plump condition, but, at the same time, 
has a bleaching tendency. Sulphurous acid is prepared by burning 
ordinary sulphur and drawing the fumes of sulphur dioxide through water. 
As the solubility of sulphur dioxide is limited, there is no danger of securing 
too concentrated a solution. 

Boracic acitl (boric acid) is used to some extent and has a quite decided 
advantage as a surface deliming agent; the amount required is 2 per cent 
on the weight of the stock. Deliming with this acid should be carried 
on in a paddle, otherwise there is some danger of producing patches of 
insoluble calcium borate on the surface, which will appear later as irregular 
colored spots on the finished leather. 

The use of carbonic acid has been suggested as a deliming agent and is 
produced by allowing carbon dioxide gjis to bubble through w'ater. The 
first action of this acid is to fonn insoluble calcium carbonate, but, as 
more carbon dioxide is introduced, the soluble calcium bicarbonate results, 
which, due to its solubility, is completely eliminated. 

In the deliming of dressing leather neither mineral nor organic acids 
are employed, for the reason that acid deliming produces a firm condition 
of the stock. Certain salts, however, of mineral and organic acids may bo 
used to advantage on this class of material. The most commonly used 
of these salts is ammonium chloride. It is a strong deliming agent, convert¬ 
ing the lime into calcium chloride, which is soluble in water and therefore 
readily removed. The liberation of ammonia, at the same time, produces 
an opening effect upon the fibers, thus giving the result desired in bating. 



1344 


INDUSTRIAL CHEMISTRY 


Tlicro is no solvent action, however, upon tlie hide substance, and, con¬ 
sequently, a full grain is secured. In using anunonium chloride as a bate, 
about 3 per cent on the weight of the stock is dissolved in water at a 
teniperature of 90° F. As the amiuoniiun chloride is decomposed by the 
lime, a small amount of hydrochloric acid is introduced, the amount 
necessarj’ being determined by testing the liquor with phenolphthalein 
until no change of color is shown. Such a solution may be used con¬ 
tinuously I)}' simply’ adding with eacli new pack about 1 per cent of ammo¬ 
nium chloride. 

As a neutralizing agent for sulphided stock sodium bisulphite is some¬ 
times employed. The advantage secured is due to its bleaching action. 

Drenching. In removing lime from hides and skins advantage is taken 
of certain forms of fermentation and the process so carried out is spoken 
of Jis drenching. The most common material used for this purpose is a 
warm infusion of bran, which, by fermentation, produces acetic, lactic, 
and carbonic acids, all of which have a neutralizing effect upon the lime, 
and, as the action takes place to some extent between the fibers, a limited 
bating effect is produced. The term drenching, through long usage, has 
come to be understood as deliming, and so we often hear the term drench¬ 
ing used where, as a matter of fact, it is nothing more or less than a straight 
deliming operation. For example, we often hear the tanner speak of 
drenching with lactic or acetic acid. 

Enzyme Proceffs of Bating. Tlie removal of lime from hides and skins 
by purely chemical means leaves the hide substance in a more or less 
finn or plump condition. For a soft leather it is necessary not only to 
remove the lime but, at the same time, to bring the skin to a soft and 
flaccid condition before tanning. 

By the older methods of bating and pucring this softening was brought 
about, as previously indicated, by bacterial fermentation of pigeon, hen, 
or dog manure and was assumed to be a direct action of the bacteria upon 
the hide substance. Modem scientific investigation has shown that the 
results secured are duo to the action of enzymes or digestive ferments 
produced by the bacteria, and not to the bacteria themselves. As a con¬ 
sequence of these discoveries we now have available several bating prepara^ 
tions which contain the proper enzj-mes for bating purposes. The principal 
digestive ferment required for opening up the stock is that known as 
pancreatin, and it is now prepared on a large scale from the pancreas of 
animals. In this organ nature has given to the animal kingdom a very 
efficient means of assimilating whatever substance may come into the 
stomach. Carbohydrates, which are the sugars and starches, are con¬ 
verted into soluble products by the saliva and stomach secretions, but it 
is the pancreas which furnishes the necessary digestive fluids to handle 
the protein and fatty matter. It has already been mentioned that animal 
matter consists essentiaUy of two kinds of protein, one being of a gelatinous 
character, and the other of an abluminous nature. In nature’s laboratory, 
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a brancli of which is in the pancreas and stomacli glands, we find several 
enzymes or digestive ferments. 

One of these enzymes, lipa.so, is required to digest tl»o fat, and so 
convert it to a soluble and u.Sitble form; a second of tlic enzymes is pepsin, 
which transforms the gelatinous material into more soluble products; a 
third enzyme is pnncrealin, which dis.solves albuminous substances. These 
enzymes are peculiar bo<lies in that they form a link between living and 
dead matter. Veiy .small quantities of enzj'ines are capable of breaking 
up into simpler forms verj’ large quantities of proteins, and they do this 
without any apparent change in tliemselves. 

When applied to hide su!)stance in a bating solution the s;unc selective 
action takes place as just mentioned in regard to digestion. That is, the 
pancreatin attacks tlie epidermis, the cementing material and, to some 
extent, the fats, but has no action upon the hitle-fiber itself, whereas 
pepsin at once digests the hide-substance proper, but has no action upon 
the albuminous matter and fats. The enzymes are quite particular 
about the media in whicli they work, a very’ fortunate fact for those who 
wish to use them for Ijating purpo.ses. l-'or example, pc'psin will act only 
in a faintly acid solution, whereas pancreatin must have an alkaline 
medium in order to do any work. 

The three most important bating compounds on the market which 
contain tlie enzjTno trj’psin are Oropon, Piurinc D, and Dcniia bale. 

Before skins are treated w’ith any bating solution, they should be 
washed in ninning water to free them from as much lime as po.ssiblc. In 
the ca.se of sulphide skins, the .stock .should be neutralized with sodium 
bicarbonate, or sodium bisulphite. Bating is best accomplislied in a paddle 
vat (Fig. 420), as, in this way, the skins receive a unifonn contact with the 
bating liquid. The temperature of the bate should be about 90® F., the 
time of treatment depending upon the stock and tlie .softness desired. In the 
case of calfskins, the time of bating is from two to four hours, whereas 
for side leatlier complete bating retiuires from four to sLx hours. The 
time just mentioned cannot be stated as absolute, for the reason that 
some tanners prefer a very open product, while others wish to secure a 
tighter condition. In the bating proce.ss, however, the lime should be 
completely removed and the enzjnne action allowed to proceed to the 
point desired. The quantity is from 8 to 10 ozs. for calf or split grains 
and from 10 to 12 ozs. per hundred iiouruls for hides. The dry bate 
is placed in the warm water in the paddle, and after stirring thoroughly, 
the stock is entered. A bating liquor prepared as just indicated may bo 
used continuously for several days, it then being nccc.s.sary to simply 
introduce, with each new pack, one-half of the amount originally added. 
The process of bating should be watched very closely, and the skins should 
not be removed until they are as low as desired. In case the skins fall too 
quickly, the quantity of bating material should be reduced in subsequent 
treatments. On the other hand, if bating docs not take place as rapidly 
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a> (loirrd. th(Mi iiutn* <)r«>pon or PiKTino should he introdviood. In cold 
wrallicr it is usually noccssarv lo warm up the hating liquors before 
intrcxlueing tin* skins. 



I'lo, 4J0.- -Hating I’.uldio Showinn Hated Calfskin. 


In bating with Oropon, Puorino I), or Derma l)ate, the following reac¬ 
tions take place: hen the stock enters the bating U(pior, the calcium 



Fro. 421.—Pickling of Calfskins. 
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hydroxide at once combines u-ith tlic ammonium chloride contained in all 
of their bates pnxlucirig the soluble product, calcium chloride, with the 
liberation of ammonia. As tlie lime in tlie stock is removed, the pluinp- 
ne.ss disappears. The solution, however, remain.s alkaline, thus producing 
the desirable media for the action of the tr>'psin, which, in its turn, at once 
attacks the cementing material and albuminous matter present, causing 
the stock to become soft and flaccid. The degree to which a skin is bated 
depends entirely upon the kind of leather to bo produced. For example, 
calfskins and side leather which are to l>e made into full grain with bright 
finish should l>c firm in character and therefore require only a limited 
bating. Calfskins and sides going into box calf or suede leather should be 
brought very low in the bating lifjuor. Goatskins which are in thems<>Ives 
naturally hard require a much longer bating than other stock of equal 
weight, and, even in making glazed kid, the bating operation is carried to 
the limit. For glove leather, made from lamb or kid skin, the stock is 
brought to as soft and flaccid a condition as possible, the object, of course, 
being to secure the maximum stretch and pliability of the product. For 
automobile and furniture leather, made from split hides, the bating opera¬ 
tion consists primarily in the removal of the lime and only looks to a lim¬ 
ited removal of the cementing material and albuminous matter. In other 
word.s, automobile and furniture leather should be soft but not stretchy. 

The usual custom for hca\y leather such as sole and belting Ls to place 
the stock into the tan liquors directly from the lime. In recent j'ears, 
however, it has becoine a common practice to give the hides a slight 
bating treatment. The object in this cjise is only to smooth down the 
grain with no thought of removing the lime. The amount of the bate used 
is less than in the case of upper leather, and the time of treatment 
much less. 

Hides or skins that are to be converted into dressing leather by vege¬ 
table tannage require no further treatment after the bating, before enter¬ 
ing the tanning solutions. In the case of stock, however, which is to be 
tanned by the chrome process, a preliminary treatment is nece.ssary before 
entering the actual tanning solution. This pre-treatment is know'n as 
pickling and is for the purpose of rendering the skins acid, to prevent 
precipitation of chromium hydroxide during the early st^tges of the chrome 
treatment. 

Pickling. This operation is carried out in two ways, either in the dnim 
or in the paddle, and is used on the stock as it comes from the bate or 
puer. In the case of drum pickling, 12 gals, of water, 12 lbs. of salt, 
and IJ lbs. of sulphuric acid for each 100 lbs. of skins are placed in the 
drum. The stock is then entered and the drum revolved for about one 
and one-half hours. When properly pickled, the skins should be white 
and opaque in color and have a doughy feel. Too much acid pro¬ 
duces a plump condition more or less transparent, while too much salt 
gives to the stock a flat, slimy feel. The most common method of pick- 



1348 


INDUvSTRIAL CHEMISTRY 


ling is in the paddle. By tliis mcthoil, tlie pickle liquor may be used 
continuously, it only being nocessar>' to renew the acid taken up by the 
stock. In pre[)aiing the paddle pickle, a 10® B6. salt solution is made up, 
and to this salt .solution is added from 1', to 1] per cent of sulphuric acid 
on the weight of the stock. The time required for paddle pickling is from 
two to three hours, but a longer treatment is .sometimes necessary. The 
condition of the stock when pickled in the paddle (Fig. 421) is usually 
smoother than when pickling is done in the drum. Paddle pickling is 
also more economical in its operation. 

In place of salt and sulphuric acid as a pickle, salt and formic acid is 
sometimes \ised, the advantage of which is that formic acid for certain 
purposes has a milder action on the skin thjin luis the sulphuric acid. The 
percentage of formic acid required, however, is very much greater than 
that of sulphuric acid. 

The use of sulphur {lioxide as a deliining and pickling agent seems to 
offer marketl advantages, when used in conjunction with salt, as it pro¬ 
duces a leather with full flanks aiul a silky grain. In using sulphur dioxide 
as a pickle, a 5® B6. salt solution is made up in the pa<ldlc and stock thrown 
in. Sulphur dioxide gas is caused to bubble through the salt solution 
while the stock is kept in motion. The gas is allowed to flow until from 
1 to 11 per cent on the weight of the skins has been introduced. This 
amount can be easily determined by placing the sulphur dioxide cjdinder 
on the platform scales and setting the weights to balance the amount 
required. The sulphur dioxide having been introduced, the skins arc 
run as for a sulphuric acid pickle and handled in the usual way. 

Rawhide and Oil Tannage. liawhidc. As is well known, the strong¬ 
est product made from the animal pelt is rawhide. This is produced 
mostly from skins, although sometimes hides are used for this purpose. 
The hides or skins arc first well washed to remove dirt, sjilt, and blood, 
and are brought to a perfectly soft and flaccid condition. The hair and 
epidermis are removed usually with straight lime. In the experience of 
the writer, however, a better product is obtained by using a small amount 
of sulphide during the first two days of the process and then finishing in 
clean lime. The time of unhairing should be kept at the minimum, as 
excessive liming produces a dull, soft, and opaque condition. A press 
system is the most satisfactory method to employ, the hide starting in a 
used lime to which 5 per cent of sodium sulphide is added. The second 
day the hides arc moved forward and the lime pressed toward the tail 
pit, new lime being added to the head pit. Where a firm rawhide is 
desired, the time of liming should not be more than five days. 

On removal from the lime, the hide should be beamed by hand or on 
the macliine and should then be very thoroughly washed in the pin mill 
using a good supply of clean running water. When thoroughly washed, 
the hides or skins are carefully tacked on boards and allowed to dry slowly. 
Where a bit more flexible product is desired, a sUght deliming with 
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ammonium chloride or fonnic acid may be used to advantape, and, after 
the deliiiiiiip, tlie stock sliould again he tliorouglily waslioil. 

When a clear and almost transparent rawhide is desired it has been 
found advantageous to delime the stock with sulphur dioxide gxs. This 
is done by washing the limed skins in plain water into which a small 
amount of the gas is allowed to bubble. Care must be taken to avoid an 
excess of the gas, otherwise an undesirable plumping will result. 

Ibiwhide is used for making drum-heads, saddle-tops, bayonet scab¬ 
bards, lamp shades, belt-pins, whip.':, and the like, and may also bo 
pressed into various forms such a.s hammer heads, washers, and other 
forms. I'or whip and belt pins, the hides are cut into strips and, wliilc 
w’ct, are twisted into shajie aiul dried undtT tension. 

So-called rawhide lace leather is, as a matter of fact, not exactly a 
rawhide, but should be con.'^iilered as a semi-rawhide. Lace leather must 
be -soft, so it becomes necessary- to introduce a certain amount of oil between 
the fibers. ThLs is accomplished by the following procedure: The limed 
hides which have been bated with ammonium chloriile are thoroughly 
washed and then pickled with s;ilt and sulphuric acid, as described under 
pickling. The pickled hides are now milled for three hours with a mixture 
of 5 per cent of sulphate of aluminum, 5 per cent of salt, 1 p<rr cent of 
sodium bicarbonate, with just sufficient w'ater to float the stock. When 
thoroughly tanned, the hides are piled down for forty-eight hours and split 
to weight. The sides an^ next hung up to dry anti arc allowed to remain 
in the cnist for several day.s, after whicli they arc dipped in lukewarm 
water and piled down to sarnmie. When properly stimmied, the hide 
should contain about 30 jwr cent of water, and, wdien pulletl over the 
hand, should show sweat. They arc now placed in the mill and run 
for two hours with a mixture of 5 per cent of cod oil and 2 per cent of 
tallow at a temperature of 120® F. Another portion of 3 percent of cod 
oil with 1 per cent of tallow is added, and after milling for one hour, the 
same quantity of oil and tallow' is introduced and milling continued for 
three hours longer. By this time the hides should have abi^orhed ino.st of 
the oil, when they should l>e set out on the machine and then w’cll set by 
hand, applying a warm dubbing of two parts of cod oil with one part of 
tallow. The hides are now hung over sticks to drj', at a temperature of 
110* F., after which they arc dipped in lukewarm water and piled down 


to saminic and oxidize. A certain amount of heat is developed during 
the oxidation and care must be taken to sec that it is not excessive. Tho 


oxidized stock is now reset by hand, again dried, and finally rolled to secure 
a uniform finish. 


Chamois Leather. The chamois goat is a thing of the past, although we 
still have so-called chamois leather made from the flesh splits of sheepskin, 
and it is distinguished from all other classes of leather by its softness, 
stretch, and open texture. After the sheepskins have been pulled for their 
wool, the pelts are given a long liming and arc then split on tho belt knife 
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macliinc, the grains being tanned as fancy leather while the flesh splits 
go into cliainois as just indicated. To cany out the process, the skins are 
placed in a machine known as the stocks or kickers. In this machine they 
receive a heavy beating or pounding, during which time they are sprinkled 
with cod oil. By this pounding action, the oil is driven into the stock 
and, when well saturated, they are packed down in boxes to oxidize or 
hung in a drj' room at a temperature of 110® F. During this oxidation, 
considerable heat is generated and care must be taken that the tempera¬ 
ture does not rise above 120® F. It is necessary to return the skins to the 
stocks after the first stoving (heating), in order to complete the tannage. 
When the so-called oxidation ceases and no further heat is generated, the 
skins are soaked in warm water and placed in the hydraulic press. The 
grease and water arc squeezed out and that portion which rises to the top 
is separated and is known as “degras” used by the tanner for stuffing 
and fat liquoring. 

The skins still contain considerable oil, which is removed by washing 
them in a solution of sodium carbonate and again pressing. The fatty 
matter in the skins combines with the soda to form a soap, which soap is 
soluble in the water. By repeating the process, the skins are completely 
freed from oil, and, when dry, are milled, staked, bleached, and buffed, 
giving the soft and open leather described. 

The water containing the saponified oil is treated with an excess of 
sulphuric acid whereby the fatty acids are set free. These fatty acids rise 
to the top and form what is knowm as “sod oil,” used in the finishing of 
other kinds of leather. 

In bleaching chamois leather, the skins are washed with a 2 per cent 
solution of neutral soap, rinsed, wrung out and exposed to the sun for a 
day. A second and sometimes a third washing, rinsing, and -sunning are 
necessary to produce the desired color. 

Chamois leather may also be bleached by immersing the sunned skins 

in a dilute potassium permanganate solution for twenty minutes, following 

with a dip in sulphurous acid until the brown color produced by the 

permanganate has been removed. They are then washed and hung up 
to dry. 

Oil-tanned buckskin, piano, mocha leather and the like are tanned in 

the same manner as described for chamois leather. The skins, however, 

are treated much differently in the limes, the process being continued until 

the grain has become loosened from the flesh. This condition is secured 

by using strong limes and by allowing the skins to remain in the depilating 

mixture from thirty to sixty days. By means of a blunt knife or rounded 

stick, the grain can be easily removed, or, as the tanners call it, 
“frized.” 

Hydroxy Theory of Tanning. To explain the mechanism of oil taiming 
many and widely divergent views have been advanced. A study of 
the numerous theories has been carried out under the direction of the 
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author -- and has led to the formulation of the hydroxy theory ThL« 
theory has been substantiated by tests, and indicates that tanning is 
u combination of the OH groups in the tanning body with 

the NH 2 group of the hide substance, forming complex amino acid« 
In the niany compounds studied it was rather interesting to note that 
there is something in the arrangement of the molecule to cause a 
tannage or not, as the case may be. This condition we have come to 
consider as the balancing effect. Thus, for example, in the naphthol it 
IS found that alpha OK being in position one Ls balanced, while Ida OH 
being at one side is off balance. \Ahen the naphthols arc condensed 
either with ferric chloride or formaldehyde they become balanced and so 
produce a tannage. 

From the observations and data at hand the writer feels warranted in 
presenting his conception of the mechanism of tanning as being essentially 
due to the presence of the hydroxy group in the tanning compound. He 
also is convinced that in order for the hydro.xy group to function it must be 

present in such a position as to give a “balanced effect” with the re¬ 
mainder of the compound. 

That this theory applies to the well-known tanning materials may be 
seen by a glance at the following formulas: 


Gallotannic acid 


OH OH_ OH 

OH<(' y-coo~^ 

OH COOH 


Ellagic acid 


Ncrodol D 


COO 


OH^ 

OH^ 




> 




o-oc 


\ 




OH 

^OH 


OH 



CH2 


CH3 
HSO3 


H3O 


OH 


HSO3 


In further support of this theory wo may take for example 2-naphthol- 
8-suIphonic acid which gives absolutely no tannage and has the formula 

HSO3 



> “Theory of Oil Tannage," B. N. Mnthur. J. Am. Lea. Chem, Aaso., Jan., 1027. 
* "A Theory of Tanning," Yun Hua Li, J. Am. Lea. Chem. Asso., Aug., 1927. 
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and the compound l-naphthol-3 : 8-disulphonic acid which gives a very 
inferior tannage and has the following formula: 


HSO 3 OH 



and then note the condensation products from these two acids which 
give perfect tannages: 

HSO 3 HSO 3 



Condcn^cil 

2-nAphUiol*S-aul|>lionic acid 


OH HSO 3 HSO 3 OH 



Condotif^od 

l*napht1iol^ : 8-<iiAulpbonio acid 


It may also explain chrome, alum and iron tannage, all of which must 
bo in a basic condition before tannage is effected. Thus for example we 
may have the following formula for basic sulphate of chromium: 


SO 4 

/\ 

OH—Cr Cr—OH 

\/ 

SO 4 


Tawing or Alum Tannage. In considering the mineral tannages, it is 
well first to discuss those which involve the use of aluminum salts, espe¬ 
cially as these compounds are not only used very largely at present, but 
also from the added fact that they have been used in the production of 
leather from very remote ages. 

Neither sulphate of aluminum nor alum, when used alone, will produce 
a satisfactory leather, as the resulting product, upon drying, becomes flat 
and homy and does not soften readily when wet back with water. There¬ 
fore, in all alum tannages, a certain quantity of inert material, usually 
common salt, is introduced with the alum, the quantity varying according 
to the judgment of the tanner. 

When skins are treated with a solution of alum or sulphate of aluminum, 
there is a tendency for the aluminum sulphate to decompose or ionize, 
due to the fact that aluminum being a weak base has less affini ty for the 
sulphuric acid radical than has the hide substance. Therefore, the hide 
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substance takes up the free ions of SO4 and becomes plump or swollen, 
while the aluminum remains in solution as a basic sjilt. Skins so treated 
when dried out become hard and horny, an<l. in effect, are sitni)ly raw 
hides which, as we have already scon, are difhcult to wet back to a normal 
condition, and, if wet back, are still raw hides. The addition of s;ilt to 
the alum or sulphate of aluminum solution will prevent ionization and. as 
a result, the aluminum sulphate as such is taken uf) by the hide substance 
and when dried out may again be dampened back to a flexible and soft 
condition. Skins treated with alum and sjxlt, although they can be ren¬ 
dered soft by staking, have the disadvantage that the sulphate of alu¬ 
minum is removed by water and the stock again remlenMl raw and hard. 
To overcome this defect, alum-tanned stock is allowed to remain in the 
crust for an extended period l>efore staking, during wliich time decomposi¬ 
tion of the sulphate of aluminum takes place and the stock is rendered 
more resistant to water. In modern pnxctice, however, the long time 
consumed in crusting hjis been eliminated by a<lding to the s;ilt and alu¬ 
minum sulphate solution a certain quantity of some alkali such as sodium 
carbonate, sodium hydroxide, so<lium bicarbonate, sodium thiosulpliate, 
borax, or sodium phosphate. The action of the alkali is to combim* with 
a certain amount of the sulphuric aci<l to form sodium sulphate, leaving 
the alumina as a “basic salt.” The extent to which thLs neutralization 
may be carried out is limited, for, if too much alkali is added, all of the 
alumina is precipitated as the hydroxitle which would thus be rendered 
inactive. The usii.al [xmctice is to add sufficient alkali to fonn the com¬ 
pound Al2(OH)2(S().i)2. 

The most common raw stock for alum tannage consists of .sheep, h.mb, 
and kid skin; although calf, side, and pigskin are sometimes made into 
white leather by the alum proce.ss. The usual inethoils of depilation are 
carried out, the stock batetl and pickled in the customarj’^ manner. The 
proce.ss of alum tanning or tawing is now carried out by whatever method 
may seem most de.sirable to the tanner. Many different combinations 
for tawing are possible, but, as it Ls not within the scope of this book to 
give a detailed outline of all of them, attention will be focused simply 
upon one typical example. 

Tawing is usually done in the drum, and the strength of solution 
made as concentrated as possible. A formula based on 100 lbs. of skin, 
which illustrates the oldest process, consists in mixing 5 lbs. of flour 
into a smooth paste with a small quantity of water. Into this paste is 
stirred lbs. of preserved egg yolk and 2 ozs. of olive oil. In a sepanite 
container is dissolved 3 lbs. of sulphate of aluminum and 2 lb.s. of salt 
in 2 gals, of water, and to this is added the paste as above prepared. 
The tawing mixture is now ready for use and is placed in the drum together 
with the skins and the drum set in motion. From time to time the door 
should be opened and the temperature noted. Should heat be developed 
by friction, there is danger of burning the stock, in which case the door 
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should bo loft off for a few minutes and the drum caused to rotate, thus 
ventilating and cooling the stock. The time required to thoroughly 
saturate the skins will var>' with the weight of the stock, but for ordinary 
skins three hours should be sufficient. On removing from the drum the 
skins are piled down for several days, so that any adhering liquor may be 
absorbed as completely as possible. The drjdng is now accomplished by 
hanging the stock in the open loft overnight and finally drying well in a 
moderately hot room. The skins on being taken from the dry loft are 
allowed to age for several weeks, or, as the tanner says, they should lie 
in the crust. This aging causes the alumina to become more firmly fixed 
and so more resistant to the solvent action of the water when dipped for 
softening. 

When properly aged, the skins are dipped in lukewarm water and 
piled down for several hours to become uniformly damp. They are then 
worked by hand over the knee stake or on the Slocoinb staking machine. 
This pulls the stock out to its full measurement and prepares it for shaving 
or buffing if required. During the wetting back, most of the excess of 
salt, alum, flour, and egg yolk arc removed, which has a tendency to take 
away the plumpness or full feel. To regain this fullness it is usually the 
practice to re-egg the stock, which consists in again milling with a small 
quantity of egg yolk and flour, to which inay also be added about half 
the original quantity of aluminum sulphate and salt. After re-egging, the 
skins arc piled down as before and again dried. After drying the second 
time, however, it is not necessary for them to remain in the crust, but 
should at once be restaked and finished. 

Chrome Tannage. The most important of the so-called mineral 
tannages are those which involve the application of salts of the metal 
chromium. This metal, like aluminum, fonns trivalent compounds and 
by proper treatment they are converted into basic salts. Their first appli¬ 
cation to the production of leather was studied by Knapp in 1858, but, 
after much investigation, he came to the conclusion that they had no 
practical application. No doubt his conclusions were based largely upon 
the fact that chromium produces a green-colored leather and lacks the 
fullness secured by vegetable tanning materials. 

Other investigators followed Knapp, but it was not until 1884 that 
any important advance was made in the application of this process. At 
that time Augustin Schultz, a wool dyer in Boston, Mass., in following 
the procedure employed in chroming wool for natural colors, discovered 
that hide substance could be rendered imputrescible, and, by further 
treatment, converted into a soft and workable product. The first con¬ 
cern to take up the process was Robert Foederer of Philadelphia, who 
applied what we know as the “two-bath process” to the tanning of goat- 
skms. Large quantities of such skins were available, but until the chrome 
process was introduced, they could not be utUized for the production of 
shoe upper leather. Other concerns soon followed Foederer in using 
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the Schultz process, and, as a result, much litigation ensued which after 
many years in court was settled in favor of the owners of the Schultz 
patents, then controlled by liobert roe<lerer A: Company, and those who 
had used the process were forced to make financial arnemls. The proc¬ 
ess, however, was placed on a finn basis and. in fact, revolutionized the 
leather industry’. 

In 1893 Martin Dennis of Newark, N. J., made a careful study of the 
use of chromium sjdts along the lines previously investigated by Knapp and 
perfected a process for “one-bath tannage.” for which he was granted 
numerous patent,s. C'hiome tannage, therefore, became established as a 
purely Arnerican iiuhistrj’, and so, by means of the two processes, devel¬ 
oped by American chemists, the bulk of the world's supply of upper 
leather is now produced. 

Tu'fMhafh Process;. In utilizing potassium or sodium dichromate in the 
two-bath process the diehromate is dissolved in water, using 5 per cent 
on the weight of the skins, and to this solution introducing 2} per cent of 
hj'drochloric acid. The concentration of the solution makes but little 
difference except as it affects the time of treatment and may be carried 
out either in the paddle or in the drum. Having prepared the solution, 
the skins are worked in it until they have taken on a uniform j-ellow color 
and arc completely struck through. In drum tannage, about 100 per cent 
of water is used on the weight of the stock, while in a paddle tannage 
about 500 percent is employed. Wlicn the skins have ab.sorbed the full 
amount of chrome, which takes about two hours in the <lnini, or five hours 
in the paddle, they are removed from the solution and are horsed up over¬ 
night to allow the chrome to set and the stock to drain. The su{)orfluous 
liquor is then removed by sotting out by hand or on the machine. The 
chromed skins arc again returned to the drum and run for about two hours 
with a solution containing 12 per cent of sodium thiosulphate (hypo) 
and 6 per cent of hydrochloric acid, calculated on the weight of the raw 
stock. On removal from the drum the stock should liavc a blue-green color 
and should be uniform throughout. When perfectly tanned in chrome, 
a piece of the leather, wlicn placed in boiling water, should not curl. 
The stock, on being removed from the drum, is again horsed up overnight 
and then neutralized by running for half an hour in a solution containing 
i per cent of sodium bicarbonate in solution. They are finally washed for 
thirty minutes in running water, horsed up, or piled down and allowed to 
drain. 

The reaction which takes place during the tanning with the two-bath 
process is as follows: 

Na-Cr^OT + 2HC1 + 2NaCI = 2 Cr 03 -f H-.0. 

The CrOa, or chrome oxide, no doubt combines to some extent with the 
hide substance, but the resulting compound being quite unstable is readily 
acted upon or reduced by the sodium thiosulphate of the second bath. 
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The reactions taking place during the second bath arc more orless com¬ 
plicated and uncertain. There is no question, however, but that the 
following must occur: 

2CrOa + 6HC1 + SNaaS^Os = 3 Na 2 S 04 + 38 + 2CrCl3 + 3 H 2 O. 

This is shown by the fact that when the hydrochloric acid is added to the 
hypo solution a hea\’y precipitate of sulphur results, and a strong odor 
of sulphur dioxide is observed. The acid present at once combines with 
the chromium to form the chloride CrCls which, in the presence of the 
excess of sodium thiosulphate and water, is converted to a basic salt, as 
follows: 

2CrCl3 + NuiSoOa + H 2 O = 2CrOHCl2 + SO 2 + S + 2NaCl. 


The basic chloride CrOHCb is thus produced, which, as we know, is in the 
proper condition for absorption by the hide substance. The thiosulphate, 
therefore, not only acts as a reducing agent upon the chromic acid, but 
further tends to neutralize the acid radical of the chromium chloride, 
thereby forming the basic salt. The more complete neutralization of the 
chromium chloride is brought about by the addition of the sodium bicar¬ 
bonate, this tending eventually to form the full hydroxide Cr 2 (OH)o. It 
is this chromium hydroxide, together with more or less lower basic chlorides, 
that actually produce chrome-tanned leather. Just how these com¬ 
pounds produce the results is still a matter of dispute. It is generally 
conceded, however, that the insoluble condition of the chromium com¬ 
pounds act like a seal to the fibers, and so they become encased in a pro¬ 
tective sheating. The free sulphur that is liberated by this process also 
has some effect upon the leather, rendering it of more body and giving a 
fuller feel. 

Chrome leather is usually shaved after tanning, and, before drying, 
and must be treated with a softening agent. Such treatment, however, 
will be considered at another time. 

One-hath Chrome Process. As already stated, Martin Dennis of 
Newark, N. J., was the first to make a practical one-bath chrome liquor 
which, in 1893, he patented and offered for sale. The original liquor as 
prepared by Dennis was made by dissolving chromium hydroxide in 
hydrochloric acid and then adding to the chromium chloride solution suf¬ 
ficient sodium carbonate to produce the proper basic condition. 

In entering upon a discussion of one-bath chrome tannage it should 
be borne in mind that it has been learned from experience that the best 
results are obtained upon pickled stock. Therefore, in describing the 
various processes it will be understood that, in all cases, the sking or hides 
have been treated with a solution of salt and sulphuric acid before the 
actual tanning is started.' The reason for pickling the stock for chrome 
tannage is to bring the skins into an acid condition, thereby preventing a 
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too rapid deposition of chrome, which, if not prevented, woukl result in a 
drawn condition of the grain. 

In preparing one-bath chrome liquors the general procedure is to act 
upon an acid solution of sodium dicliromate with some reducing agent. 
By doing this a basic salt of chromium is produced, and being of a colloidal 
nature it Ls readily absorbed by the stock. Th(‘ tenn colloid means jelly. 
In other words, a basic sulphate of chromium, wlien evaporated, <loes not 
form crystals, but results in a more or less amorphous sohd mass. Col¬ 
loids and not crj'stalloids possess tanning properties, and hence, one of 
the reasons for the fonnation of basic salts. 

To prepare a one-bath chrome liquor from sodium dicliromate many 
methods might be suggested, but only one will be <le.scribed. 

A good method for making a reduced liquor consists in the following 
procedure: 

Into a barrel containing 25 gals, of water place 20 lbs. of sodium dichro¬ 
mate, 20 lbs. of sjilt and, when dissolveti, add 10 lbs. of sulphuric acid, and 
then slowly introduce GO lbs. of 33* B6. liquid sodium bisulphite. Or, if 
the dry sodium bi.sulphite Ls available, di.ssolve 20 lbs. in 5 gals, of water 
and add it in place of the liquid bisulphite. When the reaction is complete 
a blue-green liquid should result. If a yellowish color appears, add more 
bisulphite until the proper color is produced. Finally make the solution 
up to 40 gals, by the addition of water. The proportions given above 
can be used for making larger quantities by simply increasing the amount 
of each ingredient to this desired proportion. On a large scale, chrome 
liquors should be made in a covered tank pro|)erly equipped with a stir¬ 
ring device and provided with good ventilation. This stock solution may 
be kept for any length of time and has a strength such that 8 gals, is suf¬ 
ficient for each 100 lbs. of wet pickled stock. 

In tanning with the above chrome liquor the skins should be pLacod 
in the drum (Fig. 422) and 2 gals, per cent of 10® B<5. salt solution intro¬ 
duced. By 2 gals, per cent is meant 2 gals, for each 100 lbs. of skins. 
It may be a little simpler to add 2 per cent of salt and then add 2 gals, per 
cent of water, or 2 gals, of water for each 100 lbs. of skins. When the stilt 
has been dissolved, which is accomplished by giving the drum a few turns, 
8 gaLs. per cent of the stock chrome liquor is added. That is, 8 gals, of 
stock liquor for each 100 Ib.s. of skin.s. The drum is then set in motion 
and run for about two hours. At the expiration of the four hours, 1 per 
cent of sodium bicarbonate on the wet pickled weight is dissolved in a 
small quantity of water and introduced through the trunnion. At the 
end of another Imlf-hour a second portion of \ per cent of sodium bicar¬ 
bonate is added, and the drum run for another half-hour. By this time 
the stock should be completely tanned, which may be determined by 
placing a small piece in boiling water. If the sample docs not curl, the 
stock is tanned. Should the stock be not tanned, the milling is continued 
until the test is satisfactory. During the tanning considerable heat is 
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Konoratod duo to friction. Tliis is not objectionable, but rather advnn- 
ta{^(M)us, as it .si'cins to assist in tlie deposition of tlie chrome. 

When tlie skins arc thorouslily taniunl they arc removed from the 
drum and horsed up or pilinl down overniglit. On tlie next day they 
should he neutralized by running for half an hour in water containing 
2 per cent of sodium bicarbonate. They are then washed for half an 
hour in running watiT and again horsinl up or jiiled down for twenty-four 
hours. In place of horsing, or sometimes in addition to it. they are placed 
in the hydraulic pii'ss or set out to remove the excess of water. Wh(*n 



Fm. 422.—The Tanning Operation, Carrieil Out in Drums. 


coming from the pres.s, the skins are placed in the drj' mill and are tumbled 
for about fifteen minutes to shake out the wrinkles. They are now ready 
for shaving and the subsequent operations. 

In place of using the liquor as above described it may be applied in the 
paddle. In this case a 10 B^. salt solution is prepared, using sufficient 
quantity to work the stock, usually 500 per cent on the weight of the wet 
skins. When the salt solution has been prepared, the skins are entered 
and 16 gals, per cent of the stock liquor introduced. This larger quan¬ 
tity is necessary in paddle tannage, with the first batch, but thereafter 
only 8 gals, per cent is required. The time necessary for complete tan- 



















l.KAl HEK 


1359 


nago in the paddle is much longer than in the drum, hut some tanners 
pref(‘r it, thinking tliat a smoother gram is sccuretl m tliis way. Wlien the 
stock is well stnick through, which is usually at the end of ahout six to 
eight hf)urs, 1 per cent of sodium hicarhonate, di.ssolved m a small qiiantitv 
of water, is slowly added to the liqu<»r while the skins are still in motion. 
The stock should remain in the paddle overniglit ainl on thefollowmgmorn- 
ing anotlier \ per cent of the sodium hicarhonate is added. In ahout 
another hour, the stock should he tested for tlie completion of the tannage 
and, if satisfactory, is removed, horsed up, and treated as just indicated 
under drum tannage. Shoultl tlie stock fail to give a siitisfactory test 
for tannage, the treatment should he continued until the skins are 
tanned. 

Dnj Tannage. In addition to the above methods, a new process Inus 
l;oen estahlished, which is of growing interest to the tanner. In this 



Fia. 423.—Eitit* of Shaving Machines in Calf-skin Tannerj-. 


method the skins are pluce<l in the drum and the required quantity of the 
tunning compound i.s dissolved in water to a volume weight equivalent to 
30 per cent of the weight of the skins. Two per cent of salt is then added 
to the solution and the whole placed with the .skins in the <lrum. The dnim 
is set in motion and nm for one hour for small skins, or two hours for large 
skins. One per cent of dry hicarhonate of soda is then thrown in and the 
milling continued for half an hour longer. Tin* skins are remov(‘d from 
the drum, honwal up overnight, and the next morning .should he thoroughly 
tanned. They are then handled as stock treated hy any of the other 
proccs.scs. 

Vegetable Tanned Skivers and Sheepskins. The skiver is the grain 
side of a split sheepskin. I'he usual method of producing the skiver is to 
first paint the fit?sh side of the shccp.skin with a paste of sodium sulphide 
and lime. The skins arc then folded over along the back or piled down, 
flesh to flesh, usually for a period of twenty-four hours. At the end of 
that time the wool is pulled and the pelt given a few days' treatment in 
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milk of lime. On removal from the lime the skins are washed in running 
water, fleshed, if necessar>% and subjected to a bating or deliming process. 
The old method consisted in the use of a bran drench, but this has been 
replaced with ammonium chloride or some of the modem bating materials. 
The skins, when free from lime, arc pickled with salt and sulphuric acid, 
pressed to separate the c.xcess of moisture and then, after washing in plain 
water, are split on the band knife machine. The flesh splits are used for 
making chamois leather as already described, while the grains are known 
as skivers. Skivers are used for linings, hat sweat-bands, pocket books, 
book bindings, etc. They can be tanned with any of the materials, 
although the one in most common use is sumac. Quebracho and hem¬ 
lock extracts both produce very good skivers and they are both used to 
quite some extent. 

In tanning with sumac, the paddle process is the one most generally 
employed. The skins are placed in the paddle and about 3 per cent of 
powdered sumac, reckoned on the weight of the skins, is thrown into the 
paddle. To keep the skins from drawing, it is always necessary to add a 
certain amount of salt. As the tanning is taken up, more sumac is added, 
the time consumed being from one to three days, depending upon the 
thickness of the skins and the strength of the liquor. To retain a bright 
color, tanners often add a small quantity of sulphuric acid or sodium 
bisulphite. The acid is objectionable when the leather is to be used for 
book-binding purposes, as even a small quantity of this chemical will 
cause a gradual deterioration of the leather. 

Sumac tannage gives a soft lighUcolored leather which lends itself to 
the application of light colors and finishes. When the skins are thoroughly 
struck through they are washed in water and after setting out are hung 
up to dry. The finishing of the stock will be described later in the text. 

Large quantities of sheepskins are tanned with hemlock bark extract. 
The tanning is done in salt liquors and the resulting leather is light in 
color and is largely sold without further application of dyes. This tannage, 
however, lends itself to easy dyeing and so hemlock tanned skins are dyed 
black and into colors and are finished either smooth or embossed for the 
fancy leather trade. In tanning with hemlock bark extract, the operation 
is usually carried out in pits, the pickled skins entering the tail liquor, 
which, by a press system, gradually brings the stock into contact with the 
full strength liquor. On account of the acid carried into the tail liquor 
by the pickled skins, it is not advisable to use the spent liquor in the 
leaches. The tanned leather is washed, fat-liquored, and dried out slowly 
in a moderately cool loft. 

A more rapid method of tanning skeepskins may be carried out by plac¬ 
ing the pickled skins in the drum and adding a solution of 30 per cent of 
quebracho extract on the weight of the skins at a concentration of 30” Bk. 
To this solution is then added 10 per cent of salt on the weight of the stock 
and the mill run for two hours or a little longer if a test shows the gklnq 
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to be untarmed. The stock is then transferred to another drum and 
waslicd with running water until clean, fat-liquored with 1 per cent sul- 
phonated oil, set out, shaved, and hung up to dr>-. The spent liquor 
remaining in the drum Is used to start the next pack of skins, and, after 
running for about half an hour, is strengthened by the introduction of 
25 per cent of quebracho at 30“ Bk. and 10 per cent of salt, the same pro¬ 
cedure being carried out with each succeeding lot. 

Vegetable Tanned Calfskins. The large bulk of the calfskins available 
are converted into a chrome-tanned leather for the shoe leather trade, 
A certain quantity, however, are given a vegetable tanning for the produc¬ 
tion of shoe uppers, while a companitively small quantity are utilized for 
fancy leather purposes. The most commonly employed vegetable tan¬ 
nage for this purpose is quebracho, although other single tannage as well 
as combination of tanning materials are also used. 

In the conversion of calfskins into leather with vegetable tanning 
materials it is, of course, necessary first thoroughly to delime the stock 
and sec that it is in a neutral or slightly acid condition liefore entering 
the liquors. The tannage should be .started in a weak liquor, u.sually 
not over 10“ Bk., otherwLse a drawn condition of the grain will result. 
Where pickled skins are being tanned, salt should be added to the tan 
liquor to prevent an over-plumping of the stock. As the tanning proceeds, 
the strength of the liquor is slowly increased until it reaches 20“-25“ Bk. 
The time required to accomplish the tanning depends, of course, upon 
the thickness of the skins and upon the strength of the liquor. The slower 
the tannage, the smoother will be the grain. The period neces.siiry for 
average weight skims is from seven to fourteen days. For such a tannage, 
the solid quebracho extract should be dissolved in hot water and slowly 
cooled before transferring to the pits or paddles. The suspension method 
produces the plumpest as well as the smoothest grain, and is carried out 
by tacking the skins along the butt to wooden strips by means of copper 
or galvanized-iron nails, and then hanging them in the liquor. 

When the skins have become thoroughly tanned they arc removed 
from the pits, washed, fat-liquored with a sulphonated oil, set out, and 
hung up to dry. 

Vegetable-Tanned Side Leather. In the production of leather from the 
grain side of hides and kips various methods of tanning are employed. 
Straight tans of all kinds are used by themselves, whereas combinations 
of various kinds are likewise utilized. The tanning may be done in the 
drum, paddle, or pit, although it is a good rule to remember that the 
less motion given to the stock the plumper is the resulting leather. In 
the tannage of side leather and kips the stock is usually split out of the 
lime, the grain going to chrome upper and the splits into a vegetable tannage. 

One of the combinations that gives very good results consists in treating 
the bated and washed stock with a combination of two-thirds quebracho 
and one-third hemlock. The sides are first suspended in a weak coloring 
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liquor for twenty-four hours, or may be paddled in a spent liquor for four 
hours to secure the same effect. They arc then transferred to a 10® Bk. 
liquor in a set of rockers, stick pits, or handlers. As the tanning progresses, 
the liquor is gradually strengthened until it reaches a gravity of 30° Bk. 
When the rockers or stick pits are used the liquor is pressed forward each 
day, strong liquor being admitted at the head pit, and the exhausted 
liquor removed from the tail pit. When a handler system is employed, 
the stock is moved fonvard each day, going in this way into constantly 
stronger liquors. The handler system is not to be recommended as the 
labor involved is thereby made excessive. The press system, using mechan¬ 
ical agitation by means of rockers, is the one preferred. Regardless of 
the system, it is always advisable occasionally to agitate the liquors by 
means of compressed air. 

The tanning of this class of leather should not be hurried by using 
strong liquors, as this will result in a harsher feel than when the slower 
tannage is employed. 

Vegetable-Tanned Sole Leather. In the manufacture of sole leather 
either green salted, dry salted, or flint hides are used. In the preliminary 
treatments they are soaked, washed, unhaired, and fleshed as has been 
already described. It is not customary to bate hides going into this 
class of leather, although some tanners delime the stock in an acid liquor 
before passing it to tlie yard and, as already mentioned, they are some¬ 
times bated. The usual practice is to place the hides over sticks and 
suspend them in cold water overnight in what is known as the "cold pool.” 
Three general methods of tanning are used in the production of sole 
leather, namely: oak, hemlock, and union. Oak-bark tannage is almost 
a thing of the past, although on the Pacifle Coast a species of oak is 
very largely employed. Hemlock tannage is carried out by what is 
known as the acid hemlock method and by the non-acid hemlock 
method. Union tannage is a combination of chestnut and hemlock. In 
all of the processes, quebracho is used in the final layers for filling the stock. 

OaA: Leaiher. This tannage gives a light-colored leather of a very 
firm texture. Oak bark imparts a characteristic bloom to leather which 
may or may not be removed as desired; if it is removed, the leather is 
known as "scoured.” Most of the oak-tanned leather goes into the 
belting trade and as color is a very important consideration it is usually 
scoured. For the shoe trade, where a heayy leather is in demand, the 
scouring is not, as a rule, carried out. 

As the hides are removed from the cold pool they are, generally, cut 
into sides and then suspended in the first or rocker liquor (Fig. 424). In 
some shops they are taken through the rockers and first layer as whole 
hides and only cut into s'des as they enter the second layers. The rocker 
system consists of a series of pits 8 ft. long, 6 ft. wide, and 6J ft. deep, 
^d m the top of each pit is a frame so arranged as to work on a cam, and on 
this frame the sticks holding the hides are placed. The pits are so arranged 
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that the liquor from the top of one pit o\erflow.s info the bottom of the 
next in senes. The strong liciuor is .supplied to the lieatl pit in which 
are the most tanned liidivs and grailiially works its way through all of the 
pit.s in successi(jn until it reaches the tail pit containinK the frf*sh hides. 
From here the liquor goes to waste or is pumped back to the leache.s. 
During its course through the pit.s its strength is gradually weakened, 
due to ab.sorption of the tanning by the hides. The sfrengfli of the litpior 
as it enters the head rocker .'^liould be about IS® lik. During its passage 
through the system it is gradually sai)pe<l by the hidc.s until, when it 
reache.s the tail-rocker, it has dropped to about 10 Bk. 



Flo. 424.—Hi«loK Entering the Rorkors in a Sole Ix;ather Tannery. 


The hides su.spenfle<l on the frame of the rocker are moved .slowly 
up «and down, which serves the double purpo.se of agitating tlio liquor and 
producing a full even color on the grain. This rocking also hastens the 
tannage and, by preventing the hide.s from touching each other, obviates 
the danger of untanned places known a-s “ki.ss spots.” 

The rocker liquors should be acid in character in order to neutralize 
the lime and give neces.sary plumping action. The amount of this acid 
should bo about 0.0 per cent in the tail-rocker licpior and shoiihl b(‘ watched 
very carefully, a.s the re.sulling leather depends very largely upon the 
care taken in the proj)er regulation of the rocktT liquors. 'I'ho acid required 
may bo produced naturally by fermentation of the gliicosides, or may be 
introduced by the addition of definite quantities of lactic acid. Some¬ 
times the acid is also secured by adding a small quantity of glucose to the 
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head liquors and, in some cases, myrabolans is employed for this purpose. 
The tifnc that the hides remain in the rockers varies to some extent, 
depending upon local conditions, but, as a rule, is about fifteeen days. 
During this time the stock should have assumed a uniform color, become 
well plumped, and sufficientlj’^ tanned to withstand the strong liquors to 
follow. 

From the rockers the hides are transferred to the press layers, in which 
case the hides from usually three rockers are thrown into the tail pit of 
the system. The strong liquor is pumped into the head press layer pit, 
from which its liquor is pressed to the next in series and so on to the tail 
pit where the hides have just been placed. The time of treatment in the 
press layers is usually about eight days and the strength of the liquor 
ranges from 20° Bk. in the tail pit to 28° Bk. in the head pit. The 
sappage in the press layer is fairly high for the reason that the stock is 
in a ver}' receptive condition at this time. 

The hides as they are removed from the press layer are well struck 
through and next go to the first layer, also often called handlers or dusters, 
the name indicating that the hides are handled and that fine dust or 
bark is placed between the hides to allow proper contact with the strong 
liquor. 

In the first layer the hides are allowed to remain for a period of twelve 
days, the strength of liquors being from 38° Bk. at the time of introduction 
to 34° Bk. when the pack is removed, the sappage being 4° Bk. 

In the second layer the hides enter the same strength liquor as in the 
first layer, and there remain for sixteen days. The hides, however, being 
more completely tanned, do not absorb the liquor so rapidly and, as a 
result, the sappage is only about 2°. 

In the third layer the hides remain for twenty-five days, entering at a 
density of 40° Bk. No appreciable sappage takes place, as in this layer 
more of a filling action goes on than an actual tanning. The last or fourth 
layer usually consists of a 50° Bk. liquor and in it the sides remain for 
thirty-two days. 

When the hides are completely tanned, they are taken from this 
last layer and placed in warm water to clean the grain from superfluous 
tan and sediment and are piled down to drain. Since this class of stock 
is not, as a rule, extracted or loaded, it is at once oiled off with cod oil 
and mineral oil mixture and placed in the loft to dry. A good dry loft 
should be provided with shutters for keeping out the light and air at the 
start and capable of being opened and heated as the drying proceeds 

When perfectly dry, the sides are removed from the loft, brushed with 
water, and placed in piles to sammie. When properly tempered, the sides 
are again oiled on the grain and rolled. After a second drying such hides 
are finished and ready for sale. 

Non^icid Hemlock Tannage. In most tanneries the hides treated by 
this method are dry hides. After soaking, depilating, dehairing, fleshing, 
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and washing, the hides, previously cut into sides, are run for a few hours 
m a paddle containing spent liquors from the tail handler which have a 
density of about 8° Bk. and contain 0.6 per cent of lactic acid. The sides 
are then toggled together and placed in the tail handler pit. In ihLs system 
the vats are arranged in series, as de.scribed under the rocker system. 
That is, the strong liquor enters the head pit and is passe<l from the top 
of one pit to the bottom of the next, until it reaches the tail liquor, when 
it is drawn off and used as just indicated. During the flow of the’liquor 
through the^series, a sappagc of about 6“ fakes place, that is, the liquor 
starts at 14° Bk. in the head pit and h;us been sapped to 8° Bk. when it 
leaves the tail pit. Unlike the rocker system, the hides do not remain in 
the siirne pit during the entire peritxi, but are passed forward from day 
to day by means of a po^ver-driven reel. For the first few days the sides 
an* reeled several time.s, being taken out and returned to the same pit. 
This procedure is for the purpose of exposing more surface to the action 
of the tan and likewise stirs up the liquor. After the first three days the 
grain is well set and the color sufficiently uniform to allow the hides to 
remain for .a full day without agitation or change. From here on the sides 
are changed daily, being passed from one to the other pit until they reach 
the head liquor. 


On removal of the hides from the head pit, which time h.is usujilly 
consumed fifteen days, the stock is untoggled and placed in the first 
layaway. The liquor in the first layer is made up from the tail liquor of 
the second layer and is about 20° Bk. The hides remain in this layer 
s(?ven days, when tliey are pulled out and transferred to the second layer 
where they remain in the liquor for eleven days, the strengtii of which 
at the start is 22° Bk. The second layaway liquor is made up from the 
sapped liquor of the third layer. In the third layer the hides remain for 
twelve days, the strength of liquor at the start being 23° Bk. The liquor 
in the third layer is usually made up fresh from the leach house and a 
sufficient amount of extract added to give the desired strength. 

In the fourth liquor the hides are allowed to remain for twenty day.s 
at a strength of 25° Bk. In the fifth layer the stock rests for twenty-one 
days, the strength of liquor at the start being 28° Bk. The sixth layer 
liquor should be at 30° Bk. and in it the hides remain for twenty-eight 
days. As for the third layer, the liquors in the fourth, fifth, and sixth 
layers are made up of fresh liquors from the leach house, the strength 
of which is obtained by the addition of concentrated extract. 


. The sapped liquors from the first, second, and third layers are used 
in the handlers, and, as the greatest sappagc takes place in these handlers, 
the resulting tail liquor, after being used for coloring, is of very little value. 

In this method of tanning the necessary amount of acid required for 
plumping the stock is produced by fermentation in the first, second, and 
third layers, and so the handler liquor is fairly strong in acid as the hides 


enter. By the time that the hides enter the fourth layer, however, the 
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plumping is complete, and so no further acid is required, which accounts 
for the fact that sweet liquor must be used. 

The reason for constantly increasing the strength of the liquor is to 
prevent loss of tannin, for, when a hide has reached the same percentage 
content of tannins as the liquor, no more absorption will take place. In 
other words, the strength of the liquor should always be kept ahead of 
the hide. 

The stock, as it comes from the last layer, is w’ashed slightly in warm 
water to remove the sediment and may then be finished, as will be indi¬ 
cated under union tannage. 

Acid Hemlock Leather. In this variety of sole leather, the plumpness 
is secured by treatment with sulphuric acid. Alost of the acid-hemlock 
leather is made from dry hides which have been depilated by the sweating 
process. As they come from the beam house, the hides are placed in color 
vats, where they come in contact with spent acid liquor, which sets the 
grain and gives them the desired color. From the color wheels or pits 
the hides are transferred to stick pits or suspenders, where they remain in 
contact with a 0.1 to 0.3 per cent solution of sulphuric acid, until the 
desired plumpness is secured. 

From the plumping liquor the hides go direct to the first layer. On 
account of the abnormal plumpne.ss of the stock, it is not necessary to 
employ weak liquor at the start, as is the case in other tannages, but the 
sides may be entered into the tanning solution at a strength of 38° Bk., 
where they remain for eight days. During this time the liquor is sapped 
to about 20° Bk. The density, however, is not a true indication of the 
strength of the liquor, for the reason that sulphuric acid and sulphate 
arc carried in by the hide and so tend to raise the gravity of the solution. 
The spent liquor should, therefore, be run to waste, as the presence of sul¬ 
phuric acid would retard the absorption of tanning if the liquor were again 
run over the leaches. 

From the first layer the hides are transferred to the second layer where 
they remain for eleven days in contact with a 40° Bk. liquor. The sapped 
liquor of the second layer becomes the strong liquor of the first layer. If 
low in strength, the second layer is made up in strength by addition of 
strong liquor from the last layer. As in the case of the non-acid hemlock 
method, the hides are reeled several times each day, during the early part 
of the treatment in the first layer, and, like the non-acid, require no chang¬ 
ing in the second and subsequent layer treatments. 

In an acid-hemlock yard the leach-house liquor is usually built up to 
strength with extract, either hemlock or chestnut being employed. 

From the second layer, the stock is transferred to the third layer, having 
a density of 42°, and in which it remains for fifteen days. In the fourth 
layer, which also has a density of 42°, the stock remains for twenty-four 
days. The strength of the liquors in the fifth layer is 44° Bk. and here the 
hides remain for another period of twenty-four days. In the sixth layer 
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the hides remain for twenty-seven days, the gravity of the liquor having 
been increjised to 48® Bk. 

From the sixth layer, the hides are thrown into a warm pool to remove 
the excess of liquor and sediment, and are then finished, as will be de¬ 
scribed under union tannage. 

Lnion Tannage. The most common method of producing sole 
leather consists in the use of a combination of hemlock and chestnut 
extracts, the combinations used, however, are :is numerous as the tan¬ 
neries producing it. In most tanneries the combination is made entirely 
with extracts, although some plants still hold to the old leach system. 
Strictly speaking, union tannage is a combination of hemlock and chest¬ 
nut, but most tanners add other extracts, such as quebracho, mangrove 
and myrabolans. The liquors are prepared in large mixing tanks, a set 
of separate tanks being used for each unit of the yard. When completely 
dissolved the liquors are run into coolers and from there, when cool, are 
ready for the head pits of the particular system. As a rule union leather 
is cropped; that is, the bellies and shanks are cut off during the early 
stage of tanning, leaving what is known to the trade as “bends.” The 
leather, bring known as “union crop,” has a better cutting value than 
sides and brings a higher price. The bellies and shanks are tanned in the 
same pits as the bends, but do not receive as much care as the more valu¬ 
able material. They are used mostly for inner-soling where less wearing 
quality is required. 

Union sole leather is generally made from green-salted hides, those 
from South America known as frigorificos being the most highly prized. 
The hides as they enter the process are milled for about half an hour in 
cold running water, which opens up the stock and removes the excess of 
salt and dirt. They are then spread in piles and after being toggled 
together are placed for twenty-four hours in the soak. From the soak 
pits they are reeled into the lime. The system giving the best results 
consists of a press method in which sodium sulphide is added to the tail 
lime liquor. The hides are passed forward each day, meeting stronger 
and fresher limes, until at the end of from five to seven days they enter 
new lime liquor. After remaining in the fresh lime for one day the stock 
is placed for half an hour in a warm pool to soften somewhat the stock 
before unhairing. The depilated hides are now dehaired on the machine 
and then fleshed. In order to be sure that all fine hairs have been 
eliminated the hides are worked by hand over a beam and are then placed 
over sticks in the cold pool whore they remain overnight. In some tan¬ 
neries lactic or acetic acid is added to the water in the cold pool, but this 
is not the most common practice. From the cold pool the hides enter 
the rocker system, the pits of which are arranged in such a manner that 
the liquor from one may be pressed to the next in series. The fresh 
stock, usually as full hides, is placed in the tail pit, which pit is free from 
liquor. The rocker frames work on a cam, as has already been mentioned 
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in connection with other tannages. From the extract house fresh liquor 
is pumped into the head pit, which pit contains the hides that have 
been in the liquor for the longest time. As this strong liquor enters the 
head pit the liquor already in it overflows into the next in series, passing 
from the top of one pit to the bottom of the next, and so on down the 
line until the tail pit, containing the fresh hides, is full. 

The next day in order to secure an empty pit the most advanced pack 
is removed and passed to the layer. The liquor in this pit, which is the 
hea<l pit of the system, is pumped to the next in series and in so doing 
causes a change of all the liquors throughout the rockers. The overflow 
from the tail pit may be thrown to waste, or may be pumped back to 
the extract liouse iis desired. The usual procedure is to pump back two 
days and reject on the third. The pit which was the head pit of the system 
after pumping free from liquor receives the fresh stock and so becomes the 
tail pit of the rocker unit. The same operation is repeated, as just 
described, from day to day and as a result uniform treatment is main¬ 
tained. 

From the rockers the hides pass to the press layers. These consist 
of a series of vats arranged in a battery somewhat similar to the scheme 
described for the rockers. The liquor is pressed forward in the same 
manner as already described, the strongest liquor, of course, being added 
to the head pit. The hides are taken from the rocker frame and thrown 
one at a time into the empty vat. Over each hide is sprinkled a layer 
of tan bark, which serves to keep the hides separated and so allows a 
uniform contact with the liquor. 

Numerous methods are employed in the press layer, but the most 
common practice is to have the vats of sufficient size to handle all of the 
hides coming from the rocker system. The time in the press layer should 
be twenty days. The liquor in the head press layer should stand at 
about 40® Bk. and should have a tanning content of 4 per cent with a free 
acetic acid value of 0.6 per cent. 

The liquor as it passes through the various pite is gradually sapped 
by coming into contact with untanned hide substance until, upon reach¬ 
ing the tail press layer, it should have a tanning content of per cent. 

The clear spent liquor in the tail pit is pumped back to the mixers 
for strengthening, to be used again as the head liquor. The bark that 
has settled to the bottom of the pit is shoveled out and piled up to drain) 
or is used at once for dusting the new pack as it enters the press layer 

When the hides are removed from the press layer, they are fairly well 
struck through and any subsequent absorption must of necessity be rather 
slow. They go then into the first layer liquor. The layer-pits are not 
connected with an overflow, as has been mentioned for the rockers and 
press layers, but are individual pits in which the liquor is not changed 
for the period (usually seven days) that the hides remain in them. No 
bark is dusted on the hides in the first layer, and no change of the hides 
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tjjkes place, Tlio strengtli of the liquor shouKI stand at about 42® lik., 
and the tanninj^ content should be about A\ per cent. No free acad is 
retjuired in the first or subsequent layers, as the stock, at tlii.s sta^je of 
tannin;;, should have reached its full decree of pluin[)n(‘ss. 

In tiie second layer, the hides .are placed ui a h<iuor of 40® Hk,, winch 
has a tannin content of o jxt cent. Here tlu'V remain for twelve clays 
without moNin;; in a coiid»ination identical to that used in the first l.avc-r 
lifiuor. 

As the hides are <lrawn from this .second layer (I'l;;. 425'. thev are 
croppcal. The backs are placed flat in the third layer liciuor, and the bellies 




425.—.S<;lc Ix*athc‘r Vanl, Showing Croptnal Ilidra Goiim to I-aycrs. 


thrown in on top. The reason for this procedure is to provide that th(‘ be.st 
ptirtion of tlie hide shall be in contact witli the stronK<*st part of the licpior 
and shall also Ihj in more direct contact with the insoluble portion of 
“reds” that settle from the strong liijuor. The third layer liquor con¬ 
sists of a straight quebracho .solution, the density of wliich should be 
about o5® IJk., and tlie temperature at the start 11.7® T. In the third 
layer, the hides remain undisturbed for tliirty-five days, by wliich time 
they .slioiild be thorouRhly tanned. 

As the trade calls for a full, plump leatlier with pood cuttinp value, 
it is common practice to c.xtract the hide.s as they come from the third 
layer. This is done by first plucinp the stock in a pit containinp water 
at 100® F. Here they remain for one hour, after which they are pa.s.sed 
through the Quirin press to remove excess of water and clean off tlio 
grain, 'i'he well pressed and fairly dr>' backs arc then placed in the 
drum (Fig. 426), together with 500 pounds of 100® Bk. quebracho at a torn- 
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pcraturo of loO*^ F. for each 100 backs. The dmin is then set in motion 
and ruii for 1 \ hours, by the end of which time practically all of the extract 
has been absorbed. 

In order to retain the extract in the stock the backs are next placed in 
the tempering pits for four days, when* they are allowed to remain in con¬ 
tact with a 45° Bk. quebracho extract at a temperature of 80° F. As 
the backs are removed from the tempering pits they arc suspended on 
sticks, these sticks placed in the frames of the bleaching equipment (Fig. 
427j. ami lumg for seven minutes in fresh water, the temperature of which 



Fia. 426.—Hides Being Removed for Extract Wheel. 


should be 125° F. The bleaching frames are so arranged that they may be 
lowered or lifted at will and by proper mechanism the frames carrying 
the stock can be made to move forward. Thus, after the backs have 
been in the fresh water for seven minutes, the frame is lifted and passed 
forward in order to bring the stock over the second pit. In this pit is a 
0.3 per cent solution of sodium carbonate, standing also at 125° F. The 
backs are lowered into this solution and remain there for seven minutes. 
From the alkali bath the backs pass to the first acid dip in which is 1.5 
per cent of sulphuric acid solution at a temperature of 125° F. also. The 
backs next go to a 1 per cent sulphuric acid solution for another seven 
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minutes. To clitjiinate as much of tli(» sulphuric acitl as possible, tin* 
backs arc placed in running water for seven minutes, and are then con¬ 
sidered to be bleached. 

Having been bleached, the backs are passed through tin* Quirin wringer 
and in th(> partly dried condition are ready for the loading. 

The bellies, as they come from the third layer, are washed in warm 
water and bleached at once without e.\tracting or tempering, and are 
then finished tlie same as tlie backs. 

As the backs come from the wringer they are placed m the loading 
drum, and, for each 100 backs, 50 lbs. of crj'sta! magnesium sulphate is 



Fm. 427.—Bleaching Sole I^enther. 


adiled. The door is jilaced in po.sition, the mill started, and a mixture 
at 150'’ F., composed of 175 lbs. of glucose, (> gals, of sole leather oil, 
and 1 gal. of cod oil added through the trunnion. The time reijuired 
to absorb this material is about half an hour, after wliieh the backs are 
set otit on the Quirin press and taken to the dry loft. 

As the hide.s enter the dry loft they are placed over sticks, and for 
the first two days the light is exclu<led and the room kept as cool as pos¬ 
sible. Care should be taken, however, to provide adequate ventilation, 
as imperfect circulation is very apt to result in mold formation and bad 
color on the grain. As the hides start to dry the temperature is slowly 
raised and liglit admitted to the loft. 
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When thoroufjlily (lrj% leather is taken down and dipped in warm 
water er)n(ainin}i a small (luaiitity of glucose and then placed in piles to 
samrnie or temper. Tlie uniform dampening of the hides in this manner 
lakes from one to two days. The grain is then brushed over with warm 
water, followed with a coat of cod oil. While still in a damp and oily con¬ 
dition the leatlier is set out and rolled as .shown in Fig. 428. It is then 
again taken to the dry loft and this time suspended from the end. After 



Fia. 428.—Rolling Sole Leather. 


operation as carried out in most plants, but some tanners apply a final 
season, and run the stock through a brushing machine. 

Belting Leather. In the production of bolting leather a much different 
product is desired than when the same class of hides go into sole leather. 
In sole leather we require body and stiffness with little thought of its 
pliability and strength. Belting leather, on the other hand, must be 
sufficiently stiff to prevent curling at the edges when shifted on a pulley, 
but, of more importance still, it must be pliable so that the belt may hug 
the pulley, and it must be strong enough to carry a heavy load without 
breaking. 

Belting leather should not stretch, but at the same time it should have 
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sufficiont clastirity to take up and release the load as it travels over the 
pulley. 

The inajorit 3 ’ of holt manufacturers purchase their raw material in a 
tanned condition in the form known as rough !)olting butts. Some manu¬ 
facturers are also tanners and so we will start with their raw mat<*rial 
which is tlic hide and take it through both the tanning and currying 
processes. 

In the production of belting leather the best hides possible should be 
secured. Tliey are u.sually green-salted packer hides or the best grade 
of South American hides. They should l>c free from brands, have no 
flesh cut«, and clear of scratches and gnib holes. All such imperfections 
would not only mar the appearance of the leather, but would result in a 
weakened condition when such leather is put into sendee. For belting 
purposes the hide should be full and plump, spread}' or flat hide not being 
suitable for this purpose. 

In this country it is the most common practice to put the stock 
through the beam house in full hides, and usually they are also carried 
through the early stages of tanning in the same condition. In England, 
where a considerable amount of belting leather is produced, the hide is 
cut into a belting butt or bend, or as it is know-n the hide is “rounded” 
in the beam house. The belting butt or bend represents the most valuable 
part of the hide, and therefore should receive the most careful attention 
and should be treated with the l>est tanning materials. The “offal,” 
having a lower soiling value, may be tanned with less e.xpensivc materials 
and a more rapid process employed. 

The hides as they come from the cellar are opened up and trimmed of 
dew-claws, pates, and tails. They are then placed in the drum and 
washed for about half an hour in cold running water, after which they 
arc soaked for twenty-four hours in a pit and again washed in the 
drum. The second washing in the drum is not the most common practice, 
but instead the hides are toggled together and after one day in the soak 
enter the lime liquor. The liming process should be about sL\ days in 
duration, the stock being reeled to a fresher and stronger lime each day. 
During the first and second days a small amount of sulphide should be 
added, the method employed having already been described under depila- 
tion. On removal from the limes the hides are place in wann water for 
an hour or more and unhaired on the machines. Some tanners of belting 
leather prefer to beam by hand, claiming to get a clearer grain by so doing. 
The hides are next fleshed and washed. In order to remove the surface 
lime and to bring down the grain, hides going into belting leather are usu¬ 
ally bated. For this purpose, oropon or pucrine is commonly used. The 
bating should not be carried too far, as a plump hide is essential for the pro¬ 
duction of a full leather. The hides as they come from the vats are placed 
over sticks and suspended in cold water overnight. 

Rockers. From the cold pool the hides are transferred to the rockers 
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and should be free from wrinkles and as Bat as possible. In order to pre¬ 
vent kiss spots, the hides should be so suspended that no hide is allowed 
to come in contact with another. In place of throwing the hide over the 
stick as was described under sole leather, it is tacked to the stick along the 
butt, so that the hide hangs down vertically in the liquor. This method 
of suspension obviates the thin linos and pipey grain which results when 
the stock is placed over the sticks. This is quite an important detail, as 
one of the best parts of a belting butt is supposed to be the back-bone strip. 

The liquors used in the production of belting leather are made up in 
the same manner as described under union tannage. As is the case with 
sole leather, the lime remaining in the stock neutralizes the acid of the 
liquor, but, as belting leather has been bated to remove the surface lime, it 
will at once assume a clear bright color and at once start to tan. The free 
acid in the liquor should be sufficient to combine with the remaining 
lime, and as the acid diffuses faster than the tannin, this neutralization 
has the effect at first of causing the hide to fall and, at the end of a week 
or ten days, it has a ver>" soft appearance. When all of the lime has been 
neutralized, the hide again begins to plump, but this time it is an acid 
plumpness, and this plumpness will continue until it has reached the 
condition desired. Ability to judge when this condition is reached depends 
upon the judgment of the tanner. It is here that the services of the 
chemist are most valuable, as, by proper control of the acidity of the 
yard, the stage at which plumping should cease can be readily determined 
by analytical means. 

For example, the tail liquor of a rocker system might have an acidity 
of 0.3 per cent as acetic and a tanning content of 0.3 per cent. As the 
hide meets the various liquors from day to day the acid content should 
gradually increase until it reaches a maximum of 0.8 per cent. At the 
same time the tanning content should also increase until it reaches about 
3 per cent. From here on the acid should gradually decrease until the 
hides enter a sweet liquor. On the other hand the tannins should continue 
to increase in strength up to a maximum of about 9 per cent. 

The rockers are worked in a series of from 10 to 15 vats in what is 
called a “round,” this name being applied because the pits are arranged 
in a group in which there is always a head and tail vat, and because each 
pit in rotation becomes the head of the round. Fach day one vat is emptied 
of the hides which have been the longest in the rockers and one vat is 
filled with hides from the beam house. The vat containing the oldest 
liquor is emptied into the sewer and the liquor in the head round, from 
which the most tanned hides have been removed, is pumped to the next 
in series. In the now empty pit the green hides are placed, and liquors from 
the tail handler pumped to the vat containing the oldest pack. The over¬ 
flow from the bat passes to the next in series and so on until the pit con¬ 
taining the new pack is filled. 

Handlers. From the rockers the hides are passed to the handlers or 
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suspenders. These differ from the rockers only in that the hides are 
hung at rest. Tlie time in the handlers is usually twice as long as in the 
rockers. Ihe Ikjuors are handled in the suspenders in the siirne manner 
as just de.scribed, e.xcept that the tail liquor, in place of going to the sewer, 
is used as the head liquor for the rocker round. In some tanneries the 
hides, in place of being worked in a round, are handled on a straiglit away; 
that is, the hides are moved fonvard each day, handled, and the liquor 
is pre.ssed down the yard in the opposite direction to w’hich tlje hides are 
lM‘ing moved. In this way the strong liquor entering the head vat forces 
the more dilute liquor to the ne.xt in series and so on until the overflow 
from the tail handler fills the rocker round. In order to produce a mellow 
liquor and to assist in the development of acid re(|uired in the rockers, 
a certain amount of myrabolans is usually introduced with the head liandler 
liquor. This material slowly ferments and has reached its maximum 
acidity when required to produce the plumpness at the proper stage. 

Layer-ways. By the end of thirty days in the rockers and handlers the 
hides are well struck through, the color is set, and the desired plumpness 
has been received. As they come from the handlers they are, however, 
more or less baggy and in order to flatten them out they are placed in the 
layerways. The vats for lliis purpose are sufficiently large to allow' of 
spreading the stock out perfectly flat. As each hide is placed in the pit 
a layer of tanbark is thrown on the grain. This is for the purpose of 
keeping the hide so separated that the liquor subsequently added may 
come in contact with all parts. 

In the manufacture of belting leather a much larger number of layers 
are employed than for sole leather, but the time in each layer is consider¬ 
ably shorter. The reason for the shorter period in the layers is to insure 
uniform tannage, and the more the hides arc handled the more uniform 
will be the tannage. For example, the time in the first layer should be 
about three days; the stock should then be hoisted and the pack reset. 
When hoisted the hides are also spread out as flat as possible to remove 
bags and hip pockets. The second layer is usually about five days, the 
third layer seven days, the fourth layer nine days, the fifth layer fourteen 
days, the sixth layer twenty days, and the seventh layer twenty-seven 
days. The packs should he hoisted at each of the periods, well pulled 
out, and again set with .stronger liquors. 

The liquors used may vary according to the individual judgment of 
the tanner, and so no definite composition can be given which would hold 
good in all plants. The tanner of belting leather, however, depends more 
upon chestnut wood and chestnut bark than upon any other single tanning 
agent. Like sole leather, it is the usual practice to crop or round the 
hides, as has already been stated. This, if not done before the hides enter 
the yard, is carried out while in the layerways. For belting purposes, the 
cropping consists of cutting off the bellies, thus leaving the shoulders 
connected with the butt, or the shoulders may also be removed, leaving 
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a true bollinp l)utt. The bellies and shoulders, of course, are finished in 
a cheaper tannage and used for sole or welting. 

When the butts are completely tanned they arc washed 
with warm water an<l scoured on the Fitz-Henry machine to remove as 
much of the dust and bloom as possible and then bleached. The bleaching 
is earri<ul out in the same manner as described under union sole leather 
and then washed as free as possible frojn the sulphuric acid. They are 
often retanned in sumac. 

Oiling. The hides, having been bleached and washed, are passed 
through the wringer and a liberal coat of cod oil applied to the grain side 
and the butts piled down overnight to allow the oil to pentrate. 

Dnjing. The drying of belting leather is carried out under the same 
condition as for sole leather, except tlmt it is hung up by hooks or clamps 
fastened to the butt end. When dry, the leather may be sold in this 
condition as rough belting butts. 

Currying of Belling Leather. Although most belt manufacturers do 
not tan the leather they use, they do, almost without exception, curry it. 
This may be defined as a process of introducing grease into leather and 
giving it a finish which will best adapt it to the special purpose for which 
it is to be used. It is claimed that currying is a sort of a supplementary 
tannage, the oil or grease combining with the fibers which have been 
separated by the vegetable tanning materials. 

The first step in the currjdng of leather is to dampen the stock and, if 
it htis already been scoured, it is cut into three pieces—a center and two 
sides—the cuts being made parallel to the backbone and equal distance 
from it on cither side. If the belting butts have not been scoured, they 
should be treated as described above before currying can be undertaken. 
To insure a uniform thickness of the leather and to provide a clean flesh 
side, the pieces are passed through a belt knife splitting machine, the process 
being known as skiving. 

The leather now being in a clean condition and of uniform thick¬ 
ness is next subjected to the stuffing process. There are three methods 
in use for stuffing leather, namely, hand stuffing, wheel stuffing and 
hot stuffing. Regardless of the method to be employed, the leather is 
dampened back and piled down to sammie, or even up the moisture 
content. This is absolutely necessary, as the leather must be in a uniform 
condition of dampness before any grease is applied. Any dry spots are 
wet down and any extra wet spots diffuse the moisture during tempering. 

Hand Stuffing. After tempering, the leather is set out by hand or 
on a Vaughn machine. If setting is done by hand, the leather is spread 
on the tabic and worked out by a slicker until it lies perfectly smooth. 
The same result must also be obtained if the machine is used, although 
it sometimes requires several rollings to get the desired flat condition. 
When the leather has been set out it is given a coat of the grease or stuffing 
on the flesh side and a coat of cod oil on the grain side. This stuffing 
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compound, also called duhluriE, is composed of a mixture of ahoiit one 
part cod oil and four parts of tallow. TUr tallow is melte.i and the oil 
stirred m, stirring being continued until the ina.ss is cold and of a <alvc- 
like consistency. The dubbing is applied with a brush, tlie amount 
depending upon the quantity which the currier feels will be absorbed bv 
the leather. The oil is the only portion of the dubbing which will be 
absorbed, the stearine of tlie tallow remaining on the .surface after dn'ing 
The leather, having been given its dubbing on the flesh amt the oil on the 
gram, is hung up in a moderately warm room with a good circulation of 
air and allowed to dry. When the leatlier is diy it should show no oiliness 
and should liave only a while .scale on the flesh side. It should then be 

taken down, wet back again, and piled down to temper, after which it is 
ready to stretch. 

Wheel Stuffuig. The leather to be stufTed in this manner is skiveil 
as for hand stufling, but is not cut into .strips until after stufhng. The 
wetting back openition is more imporfant in this method of stuffing than 
for hand stufling. The leather in this case should not be wet uniformly, 
but the softer and spongier parts should be distinctly wetter than the 
finner parts, otherwi.se these parts will absorb more oil and then show 
black and grca.sy spots in the finished leather. The leather, after having 
been dampened, is placed in covered piles, whore it is allowed to remain 
until well tempore<l and a certain amount of lieat developed by fermenta¬ 
tion. The warm stock is then placed in the drum and the hot stuffing 
grease added. The door is now closed and the mill started to rotate. 
The temperature in.side the dnim is maintained at about 120® F. by means 
of hot air forced in through the trunnion. In dnmi stuffing, a much 
harder compound is used than in hand dubbing, the ratio between cod oil 
and tallow being about 1 to 9. 'I'he amount of grease used on the saminied 
stock should be about 12 per cent and the time required to force it into 
the leather is about one hour. During the last part of the dnnnming 
the door of the mill is removed in order to somewhat cool the leather and 
set the grease. A.s the stock is removed from the dniin, it is piled down 
overnight and turned several times to prevent overheating. The leather 
is now set out by hand or on the machine until the buggy condition is 
entirely overcome and the stock is perfectly flat. After having been 
well set out, the butt Ls cut into a center and sides, worked on the Vaughn 
machine, oiled on the grain, am! is ready for stretching. 

Hot Stuffing. If damp leather is treated with a vciy hot grease it 
will immediately burn the leather, making it weak and brittle. If, on the 
other hand, a very hot grcfisc is added to an absolutely dry piece of leather 
no hannful effect will result. Advantage is taken of this fact in what is 
known as hot stuffing. This consists in placing the belting butts on 
benches in a dry room where they are heated until all of the moisture is 
removed. They are then cither placed on a table and hot grease poured 
over the flesh and grain, or even dipped in a tank of the melted grease. 
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In either case the temperature of the grease may be 200® F. or over. 
I'he leather which has been filled on the table is at once dipped in cold 
water to set the grease, while the leather filled in the tank is placed in 
the hot room to allow the surface grease to drip off the leather, after 
which it is dipped in cold water to set the grease. The grease added to 
leather in this manner acts simply as a filler. To secure a more intimate 
contact, the leather is wet through by milling in the drum and then set 
out either by hand or on the machine. To improve the leather it is also 
necessarj’’ to employ some form of bleach to clear up the grain. It is then 
cut into center and backs, worked on the Vaughn machine, and is ready 
for stretching. 

Slrdching. The processes of finishing are the same whether hand, 
wheel, or hot stuffed. The stretching process is a simple one and consists 
in fa.stening the ends of the leather in clamps, one of which is tight, while 
the other can be moved. When all of the stretch has been taken up, 
the frames holding the clamped leather arc set aside to dry. When dry, 
the leather is removed from the frames, rolled on the flesh side to remove 
stiffness, and then either brushed or glazed, as the trade demands. 

Harness and Strap Leather. Harness Leather. For the manufacture 
of harness leather green-salted hides are generally used. This is not 
always the case, however, as some tanners prefer dry-salted, or even flint- 
dry stock. When green-salted hides are used they are washed for ten 
minutes in running water, cut into sides and soaked in the pits for forty- 
eight hours. When in a clean and soft condition, the sides are fleshed and 
placed in the limes, a good procedure being to start in a sulphide-lime 
liquor and reel forward through straight lime, using a five-day process. 
Unhairing is done on the machine and the stock well bated. The bated 
sides are placed in the tail rocker liquor, which should stand at 8° Bk. and 
have an acidity of 0.3 per cent. In the rocker the sides remain for eight 
days, the strength being gradually increased to 15® Bk. A good combina¬ 
tion consists of equal parts of hemlock bark, quebracho, and chestnut 
wood. During the treatment in the rocker the grain is set and the tannage 
well established. From the rocker the stock goes to the first layer, which 
is usually a press layer, and there it remains for five days, the spent liquor 
from the tail pit being used together with the spent liquor from the second 
and third layers as the strong liquor for the head rocker. The combination 
of extracts from the first, second, and third layer are composed of the same 
mixture, as indicated for the rocker system. From the first layer the 
hides are transferred to the second layer, where they remain for eleven 
days, meeting a liquor of 22® Bk. The third layer should stand at 23® Bk. 
and here the sides are kept for fifteen days. In both the second and third 
layer, the stock is dusted and the liquors are not moved. The fourth 
layer liquor is made up of 60 parts quebracho, 30 parts chestnut^wood 
extract, and 20 parts of hemlock-bark extract standing at 30® Bk., and in 
which the hides remain for twenty-five days. When removed from the 
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fourth layer the stock is completely tanned and is then w;ished and 
bleached. Bleaching of harness leather is usually done in the dnim, 
6rst running the sides in a 1 per cent solution of soda or bora.x, and then 
neutralizing with a i per cent solution of oxalic acid or sulphuric acid, the 
leather, of course, being washed after each treatment. In order to give a 
better color, especially where msset leather is to be made, tlie bleached 
stock is run for about half an hour with 2 per cent of sumac in a sufficient 
amount of water to float the stock. 

Following the bleaching, the sides are wrung out, shaved, and hung 
up to dry. As they are taken from the dry loft, the sides are sainmied 
back with water and piled down to temi)er, preparatory' to stuffing. 

The moisture content is of prime importance in producing a good 
color. If too much water is present, the grease is absorbed with difficulty 
and the leather is undemourislu'd, while, if too dry’, the grcjuse is taken 
up very rapidly with the production of a dark color. The condition of 
fineness of an oil has also much to do with its absorption value, the finer 
the oil the better it will be absorbed. An emulsion is taken up more 
readily than an oil, and so in the currying of harness and strap leather 
when a large amount of stuffing is required and a good color is important, 
some agent is usually introduced which has the tendency to emulsify 
the grease. Among the materials used for this purpose is degras, which, 
for stuffing this class of leather, stands in high favor. Other emulsifying 
agents, such as the sulphonated oils, are also often employed as a con¬ 
stituent of the stuffing mixture. 

The stuffing of harness and strap leather is carried out in the drum, 
using a hot mixture of oleostcarine substitute, degnis, paraffin, and tallow. 
Sometimes a small amount of cod oil is also introduced. For light-colored 
stock from 20 to 30 per cent of grease is added, while for black or darker 
leather, as high jis 40 per cent, is introduced. The sides are run in the 
stuffing mixture for about one hour and are hung up to chill and set the 
grease. The leather is then set out on a Fitz-Henry machine and reset 
by hand, using a dubbing of cod oil and tallow. After hand stuffing, the 
leather is hung up again and allowed to dry thoroughly. When dry, the 
flesh is cleaned up on the whitening machine, the grain rolled and snuffed. 
To the grain side of the leather which goes into russet shade, a seasoning 
of wax and color is applied, and a brilliant finish obtained by brushing. 
When a black leather is required a blacking of hematine and nigrosene 
is applied to the grain side of the leather and this color set by means of an 
iron striker. A finishing season is then applied, known as scar paste, 
which consists of a mixture of glue, nigrosene, and potassium ferrocyanide. 
A coat of tallow and cod oil is applied to the leather when dry, the flesh 
cleaned up on the whitening machine, and the grain jacked and rolled. 

A description of harness leather seems somewhat like a discussion 
of history, but, as a matter of fact there is more demand for harness 
leather today than in the past five years. The horse seems to be coming 
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back into bis own, and, as a result, an increase in the requirement for 
harness leather. 

Automobile Leather. In the manufacture of automobile leather, as 
well as that for carriage and upholstery purposes, as large a surface as 
possible is essential, and so the tanner selects for his raw stock what are 
known as sprcaf/ien. 

1 he hides att' soaked an<l wiushed in the usual manner, but, before 
entering the lines, are usually fleshed. The depilating process is carried 
out in still a small amount of sulphide being added on the first day. 
A well-opened stock is desired for this class of leather, which open condition 
is necessary to secure fle.xibility in the finished product. Following the 
liming, the hides are washed and thoroughly baled. To impart a uniform 
color and set the grain, the stock is run for several hours in a paddle with 
an acid-spent tan liquor. This treatment insures complete neutralization 
of the lime and prepares the fiber for the subseciuent tannage. The hides 
having been properly colored are suspended by the butts on rocker frames. 
The pits should of course be sufficiently deep to prevent sagging to the 
bottom. The liquoi-s in the system are pressoti forward, and the stock 
worked in the same manner as described under sole leather. 

The tanning liquor most commonly used in the rockers consists of a 
mi.xture of hemlock and chestnut, a weak liquor being used in the tail 
rocker, while a fairly strong liquor enters the head pit. Ten days is 
usually considered as a sufficient length of time for the hides to remain 
in the rocker system, as it is only necessary to bring them to such a con¬ 
dition that they may be split. As the hides enter the rockers in a neutral 
or slightly acid condition, they at once start to plump; a sufficient 
amount of acid should, of course, be present to prevent any falling off in 
fullness and also to secure the full plumpness desired. 

On removal of the hides from the rockers they are passed through 
the wringer and arc worked on the stoning jack to remove any wrinkles 
and smooth out the grain. The whole hide is now passed through the 
splitting machine, a grain split being first removed. The hide is again split, 
taking off various thicknesses according to the market demands. In 
some cases, as many as four splits are taken from one hide. These various 
splits must all bo retreated in order to convert them into a thoroughly 
tanned leather. The grain splits are generally retanned in a drum, using 
either quebracho or quebracho and gambier. The flesh splits are usually 
retanned in a paddle, although in some tanneries pit tanning is employed. 
For paddle or pit tannage, gambier is largely used, either mixed with 
quebracho or a combination of other tanning materials. 

lo secure a stronger leather than is possible with vegetable tanning 

materials, a recent development has been the introduction of chrome 

retannage for this class of stock. Where the splits are retanned in chrome, 

a one-bath liquor is used and the operation usually carried out in the 
paddle. 
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To obtain good color, the rctannod splits arc nin in a paddle several 
hours with a fairly strong sumac luiuor to wliich an emulsion of degras and 
cod oil has been a<Ided. Sulphonaterl oils are also used for tins purpose 
The object of using <Iegras or sulphonated oils in this way is to impart a soft 
feel to the stock and to increase its tensile strength, d'he leather as it 
comes from the sumac treatment, is washed to remove surface sed’iment 
and then carefully set out by hand or on tlie machine, and given a surface 
coating of degras and cod oil. The leather, liaving been oiled, is tacked 
out closely on special frames, such frames being so built as to allow of 
stretching in all directions. The thoroughly dry leather, after removal 
from the frames, is broken on the boarding machine, in order to render 
It soft and, after buffing, is ready for the ai)pliealion of finish. 

The finish for this clas.s of leather is u.^ially made from boiled lin.^eed 
oil, with a drier and some kind of a pigment or a so-called “dope” finish 
i.s applied. To hoil the oil, it is heated over a coke or oil fire to a tempera¬ 
ture of 600® F. until the napiired body is obtained. The kettle is then 
removed from the fire, the fire extinguished, and allo^ved to cool to 350® p'., 
at which temperature the necessary amount of naphtha is slowly added! 
By the addition of the naphtha, a jelly-like ma.ss ro.siilts, known as “sweet¬ 
meats." This proce.s.s is one which must Ik- carried out with g«-at care, 
otherwi.se vapor from the naplitha may flow along tlie ground and result 
in a bad fire, should it come in contact with an open flame. 'I'lie pigment, 
which has previously Ijccn ground in oil, i.s now thoroughly nii.\od with the 
sweetmeats and forms what is known as the "daub.” 

1 he leather to be finished is placed on large open frames and stretched 
smooth in all directions hy means of toggle hooks and cords. To the 
surface is then applied a liberal coat of tlie daub which i.s distributed evenly 
by moans of a bras.s slicker. Any excess of (lie coating is removed also 
by the slicker and the hide allowed to air dry. A .second coating of daub 
is applied and this time the frame is phicc horizontally in the drying oven, 
the temptwature of wliich is maintaine<i at 120® F. Tlic <iaub coat having 
become thoroughly dry, a third coat, which consi.sts of plain boiled linsee<i 
oil, or varnish coat, is applied and the frame returned to the oven, hut, at 
this baking, tlic tenipcralurc is raised to 130° F. The boiled oil coat having 
completely dried, the frame is removed from the oven and tin- surface 
of the leather rubbed down with a brick of pumice stone. To gain a brighter 
finish, another coat of boiled oil is applie{l, and this may be rejx'ated several 


times, depending upon the degree of brightness desired. After each var¬ 
nish coat has dried, the surface is rubbed down with pumice before another 
application is made. This holds good with all except the last coat, whicli 
should not be rubbed. After thorough drying in (he oven, the leather is 
placed in the sun for several hours, the rojison for which being to remove 
a certain stickiness which seems to remain after baking. On removal of 
the leather from the frames after sunning, it is trimmed and ready for «Ue. 
Most of the leather made in this way is, however, embossed with an imita- 
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tion or fancy grain. This embossing is carried out in some form of machine, 
the two in most common use being the Sheridan and Turner machines. 
By means of (he embossing machine any kind of a fancy or imitation grain 
dosire<l may l)e easily produced and with such perfection that it becomes 
difficult to distingui.sh from the natural product. Some very pleasing 
effects are produced by getting a deep impression and then, after snuffing 
the surface, to recolor in a different tone. An embossed leather may be 
rubbed over with a heavy pigment varnish of a different color and by then 
removing tlie second coat from the high spots, an antique effect results. 
Such leather is known in the trade as Spanish leather. Rccentl}^ there 
has been brought out a new effect in which fabric designs are reproduced 
on the leather, thus giving the effect of flowers, or other patterns. Some 
of the imitation grains are known as levant, pin grain, pig, walrus, shark, 
cross, and box grains. 

In place of the daub coat as above described, another method consists 
in mixing the boiled linseed or rape oil with pyroxylin called “dope,” and 
either later applying a varnish coat, or a coat made up of pyroxylin and oil. 
Also in place of applying this coating with a brush or slicker, the spray 
machine has come into quite general use. 

Patent Leather. The terms “Japanned,” “Enameled,” and “Patent” 
leather are synonymous and apply to any leather having a high gloss var¬ 
nish surface. Patent leather is a product which has had its ups and downs 
and, no doubt, more patent leather has gone wrong than other types of 
leather products. In the description of patent leather it may be best to 
consider first some of the materials which enter into its production and 
then combine them to form the finished article. 

The most important material used in the production of patent leather 
is, of course, the leather itself. For patent leather going into the manu¬ 
facture of shoes, chrome tannage is almost universally employed. The 
tanned stock is well tacked out and, after finishing, is generally degreased 
before the finish is applied. It is this degreasing that produces the weak 
condition so pronounced in patent leather, but without doing this, the 
finish would not adhere to the grain. In recent years considerable progress 
has been made in non-degreased patent leather, but the practice of fat- 
liquoring in such a manner as to obviate degreasing has not been uniformly 
adopted. With this brief word regarding the leather, we will consider the 
other materials required. 

Linseed oil, from which the varnish is made, belongs to that class of 
oils known as drying oils, a description of which was given in Chapter 
XXX. This oil is obtained from flaxseed by subjecting the crushed and 
warm seed to heavy hydraulic pressure. Although flax is grown in Russia, 
India, and South America, that from seeds grown in the United States 
and the Canadian Northwest makes the strongest and most flexible varnish. 
An oil which has been allowed to age for some time after pressing makes a 
much better varnish than one which is used as soon as made. The great 
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dcmantJ for linseed oil does not allow of much aging. The methods of 
refining now employed, however, have been so perfected that a freshly 
refined oil today i.s far superior to an aged oil of a few years ago. These 
so-called “aged” oils are used in making the "daub” or bottom coats, 
as, through the refining processes, the oil "bodies” more quickly than an 
untreated oil, and thus the time of cooking is shortened. 

When the oil h;Ls been healed to the required e.xient, it h<'is a very 
thick body and must lx* thinned to render its application possible. This 
thinning is most Siilisfactorily accomplished by slowly adding turpentine 
to the boiled oil, but, on account of the high cost, turpentine has Ix^en 
very largely replaced by petroleum naphtha. Turpentine, however, is 
the ideal thinner, as its boiling point is sufficiently liigh to allow plenty of 
time in brushing before it evaporates. 

In place of turf)entine, the material known to the trade as v. ni. & p. 
naphtha is almost universally u.sed for reducing varnishes and composition. 
IVIuch cure should be taken in selecting the proper grade of naphtha, for 


if too light evaporation takes place too (juickly and if heavy oils are pres¬ 
ent in the oil, the drying will lx> slow and perhaps may never completely 
evaporate. A patent-leather finish with any groat amount of heavy mineral 
oil in the thinner will cause serious trouble as the coatings will always 
remain soft and sticky. 

In boiling the oil some form of drier is used, and it is the improper 
selection of the drier that often leads to serious difficulty. One of the 
safest materials for this purpo.se is burnt umber, which is a hydrated 
oxide of iron carrying a limited amount of manganese. Some of the organic 
salts of lea<l and mangfinese art* also ust*d, while more recently cobalt 
compounds have lx*en found to give good results. 

Some manufacturers of patent leather use a combination of linseed 
oil and soluble cotton, esf)ecially in the daub coats. This is the non¬ 
explosive fonn of guncotton made by acting upon cotton with a mixture 
of sulphuric and nitric acids. When (he nitration is complete, the product 
is washed with water and after drying is dissolved in amyl acetate or 
some other organic solvent. Soluble cotton cannot be used alone as a 
daub coat, as it is too brittle; with the addition of a small quantity of 
castor oil a very flexible coating may be produced. This material, when 
used in the daub coat, imparts an added toughnes.s to the film and gives 
considerable body to the finished product. 

For patent leather it is usually custonmry to mix the nitrated cotton 
with the boiled linseed oil, and then thin with amyl acetate or some other 
suitable solvent. Such a mixture is especially well suited for small, fine 
grain leather, such as kid, colt, and cjUfskin. 

In order to secure a black foundation, the bottom coats are mixed 
with a very fine grade of lampblack, a carbon black. This not only 
imparts a color, but gives a certain body to the finish. 

In order to give some tone to the black bottom, a certain amount of 
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Chinese or Prussian blue is added with the lampblack. Some manu¬ 
facturers also use either one or the other of these compounds as a drier, 
mixing it with the oil before boiling. 

To intensify the color of black leather, it is customary to add a small 
amount of spirit black to the finished varnish. This substance, which is a 
coal-tar color, has very high tinting power and gives a brilliancy not pos¬ 
sible to secure without it. 

In preparing the daub coat, which should be of a jelly consistency, to 
prevent too deep a penetration, the oil is boiled slowly at first with | to 
1 per cent of umber, and the temperature gradually" raised until it reaches 
575° F. This temperature is maintained for about two hours, or until 
sufficiently thick, by pulling the kettle on and off the fire. During the 
heating of the oil, a change takes place wlien the temperature reaches 
about 350° F., at which point light vapors begin to come off, which have a 
rather fragrant odor, but, as boiling continues, the vapors become much 
denser and more pungent. As the oil breaks up under the heat, large 
quantities of acrolein are given off, which, on account of their irritating 
action upon the mucous membranes, must be carried off by a well-venti¬ 
lated stack. Owing to the decomposition, the oil loses about one-fifth 
of its volume during boiling. 

When the oil has been heated long enough to reach the desired consist¬ 
ency, the kettle is removed from the fire. The outside of the kettle is 
sprayed with water to put out any sparks and the fire completely extin¬ 
guished. 

Ihe daub, if allowed to cool, would be too thick to mix with naphtha, 
so it is cooled only to about 300° F. when the naphtha is added. For 
50 gals, of daub about 100 gals, of naphtha is generally used, about 
half of which is lost by evaporation. After the naphtha has been added, 
the daub is stored ready for mixing as required. The consistency of the 
daub may vary from a heavy liquid which will string out in silks, to one 
as thick as a flour paste. The more open the leather, the heavier and 
thicker should bo the daub coat. As already described, the daub coat is 
applied with a slicker, and the excess of paste removed before drying. 
Formerly leather was given two coats of daub, but at present this has 
been abandoned, and the second coat is now made up by a special boiling 
and sufficiently thinned to apply with a brush. The second coat also 
carries some Prussian blue and spirit black to impart the necessary color 
to the surface of the leather. 

The leather having been given its first or daub coat is now ready for the 

application of varnish. As it is the varnish that must stand the wear and 

tear of hard usage and be exposed to weather variations, the greatest care 

must be taken in the selection of the oil and its proper handling during 
cooking. 

In making the varnish, the temperature is gradually raised to about 
350 F. At this point the drier is added, which consists of 3 per cent of 
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Chinese blue in bumps, calculated on the weight of the oil, and the tem¬ 
perature gradually raised again until between 500-000° F. is reached. 
The longer the lime consumed to reach llie imixirnum temperature, the 
more elastic and quicker drying will U* the finished varni.di. Wlieti the 
varnish hjis reached the proper consi.stency, it is allowed to cool and is 
placed in storage for about t(‘n days to allow the insoluble particles to 
settle out. It is then ready for use. 

The daub coat having been a[>plied the stock is now ready for the 
second coat, whicli is a composition of the jyirne material as used in the 
daub coat, except that it is som(*what thinner, carries a certain amount of 


pigment to impart color to the leather, and is applied with a brush. After 
the application of the second coat, the leather is placed in the drying room 
where it is kept at a moderate temperature until dry. On removal from 
the dry room, the surface of the leather is well stoned with pumice and then 
brushed over with a wet brush to remove any dust particles left during the 
stoning. The leather is now ready for the varnish coal. 

The room in which the varnish coat is applied should be kept at a 
fairly elevated temperature in order to insure a free flow of the coating. 
A certain amount of ventilation, however, is necessary, but this is so 
arranged that no direct draft blows over the surface of the leather. The 
men work stripped to the waist in order to avoid flying lint on their cloth¬ 
ing. The varnish is applietl with large rourul bnjshe.s having bristles about 
8 in.s. in length. A brush full of varni.sh is applied to the hide and is 


flowed uniformly to avoid streaks and insure an even coating. During the 
varnishing o|x*ration speed is essential and the flow just noted becomes a 
very iinfwrtant factor in [jroducing a uniform product. The varnish 
having been applied to the entire surface of the hide, the leather is then 
placed in a horizontal position in the oven, the temperature of which is 
gradually raised to about 100° F. and the hide left in ov<*rnight. 

The next morning the varnished surface should present a brilliant 


appearance, should l>e free from dust, anti a bit tacky or soft. To over¬ 


come this tackiness the hides are generally cxposetl to direct sunlight for 
at least one day, spoken of in the trade as sunning. The combination of 
the ultra-violet rays in the sunlight and the air lends to finish the oxidation 
of the varnish so that it becomes soft and flexible, but no longer sticky to 
the touch. A well-sunned leather should not stick w’hen two surfaces are 
placed face to face. On account of the uncertainty of weather conditions 
the sunning of patent leather is often v'ery troublesome. To obviate this, 
advantage has been taken of the ultra-violet rays from the mercury iirc 
quartz lamp. This method, although it lias been successfully oi>crated, 
has never met with general application. It has liecn known, however, for 
a long time that the ultra-violet, or short-wave lengths of sunlight, produce 
certain chemical changes, most commonly observed in the bleaching 
of linen, fading of colors, and oxidation of oils. The Cooper Hewitt lamp 
produces small quantities of ultra-violet light, and is known to liave very 
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niarkod activitj' on a sensitive photographic plate. It is, therefore, a 
close approach to sunlight, and, on account of this close proximity to 
natural light, it finds extensive use in the illumination of factory buildings 
where the ordinary electric light has been found to be ver}" wearing on the 
eyes. It has been found in the use of this light that the stronger the 
electric current, the more ultra-violet light can be produced. Two serious 
drawbacks have prevented the common use of the mercury lamp: first, 
the ultra-violet rays will not go through ordinary glass; and second, by 
increjising the strength of the electric current, glass tubes are at once 
melted, \\ith the perfection in the manufacture of transparent quartz 
it has been found possible to form tubes of an3' shape and length which 
will withstand the high temperature of the current required to produce 
the imiximum of ultra-violet rays. With the perfected lamp, it is now 
possible to accomplish within two or three hours’ exposure to this source 
of light as much beneficial action as would be secured with an entire day 
of bright sunlight. 

After the leather luia been exposed to sunlight or ultra-violet rays it is 
stood in a cool place overnight, and the next daj' cut from the frames, 

trimmed, and piled away face to face for a few days, when it is ready for 
shipment. 

While at the present lime more is understood about the manufacture 
of patent leatlier varnishes and compositions, much more skill is required 
than formerly on account of the varying qualities of the oils procurable 
and the type of naphthas on the market. In order to insure a uniform 
product and to guard against failure of the coating, it is absolutely necessary 
that chemical checks should be kept on all oils, common solvents, and 
other materials used. The groat problem that confronts the manufacturer 
of patent leather is whether his product will stand up under the mechanical 
treatment of the shoemaker. It seems almost as if the wearing of the 
shoes were of a secondary consideration. No leather receives quite so 
much abuse during its conversion into shoes as does this particular product, 
the reason being that, in order to properly shape the leather over the last, 
it is necessary to wet it, thus giving a stretchy condition of the leather 
underneath a firm varnish coating. If the japanner has been successful 
in producing a coating which will stand up under this treatment, he has 
accomplished almost a miracle. Not only must the leather be subjected 
to this wetting process before lasting, but it must withstand the lasting 
machine and other devices for making the vamp fit the last snugly. The 
tip is stuck to the lining with alcoholic shellac cement and the vamp often 
soaked in sulphonated oil. Sometimes, secret mixtures which the foreman 
seems to think effective are also applied to this kind of leather. Only in a 
few places is patent leather ever lasted without treatment. Attention is 
called to this treatment previous to lasting, because the patent leather 
tanner must always have it in mind. Leather is more stretchy when wet 
or damp than when diy, so that if stretched too tightly when wet and held 
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firmly in place, it vnl\ often crack on the grain when drjing. The con¬ 
traction of the leather may often show a pipey condition if rendered too 
damp before lasting. In order to insure as good a looking shoe as possible, 
shoemakers, as a rule, demand a fairly firm leather, and such firm leather, 
of course, will not stretch to the same extent as a soft leather, and, when 
made up, is said to “stand up in the shoe.” In other words, the shoe 
retains its shape and looks well on the counter. Such a shoe also wears 
well and doesn’t slump over or lovse its shape. In order, Iiowever, to 
secure a firm leather, the tanner is forced to undertan the stock or excess¬ 
ively plump it by means of acid treatment. Such a leather, although it 
looks well in the new shoe, has a weak grain, and when wet is apt to become 
rubbery, thus resulting in a shoe which contracts eacli time the shoe is 
wet, producing the cracky effect so often noticed on patent leather, ^\■ithin 
recent years an attempt has been made to protliiee what is known as no«- 
degreased patent leather, and, as a result, some brands of leather so treated 
give much better wearing qualities than other leather. 

Vegetable Tanning Materials. In the production of commercial 
tanning solutions the bark, leaves, twigs, or wood from a great variety of 
vegetable substances are used. The material containing the tannic acid is 
first reduced to a fine state of division either by grinding or chipping and is 
then extracted or leached with water. In fonner years these tannin- 
bearing materials, usually barks, were extnieted at the tannery in a series 
of tanks called the leach. As the supply of bark near at hand became 
exhausted it was found necessary’ cither to move the tannery nearer to the 
bark, transport the bark long disbinccs, or build leaching plants nearer the 
forest. The last proc<*<lure has been found to be the most economical 
and as a result the manufacture of tanning extracts is a new industry 
which has spning into existence through force of necessity. The modem 
tannery, therefore, hjis l)ecome an extract tannery, and in most plants 
the leach house* is a thing of the past. 

In preparing cither an ordinary’ dilute tnnning liquor at the tannery or 
a concentrated extract at the extmet plant, the preliminary operations 
are the same; so that a description of the one will hold equally good 
for the other. In the case of concentration, however, the methods 
employed in evaporation must be included in a discussion of the extract 
plant. 

Grinding of Dark. To extract the tannin from any material it must 
first be reduced to a fine state of division, the degree of fineness of course 
depending entirely upon the nature of the material. The method of 
grinding varies also with the material and is influenced somewhat by the 
kind of extraction process employed. For the grinding of bark the cone 
mill is almost exclusively used. This mill acts on the same principle as 
the ordinary coffee mill. It consists essentially of a casing in the lower 
part of which is a toothed cone, which rotates within the casing. The 
action of the cone against the base may be likened to the effect of a pair 
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of shears. The upper part of the casing is in the fomi of a hopper, which 
holds tlie bark. As the bark works down through the cone it becomes 
ground, the degree of fineness being regulated by adju.stment of the cone. 

Another type of mill consists of a horizontal conical runner, sot with 
breaker knives. These knives cut the bark into small pieces, and drops 
it into a circular casing adjoining. In the casing is also a set of knife- 
blades across which the bark is forced by the rotation of heavy cast-iron 
arms and is thus shaved to any degree of fineness desired. From the 
casing the ground bark passes out through the base to the conveyor. 

For certain materials, such as myrabolans and the like, the bark mill 
is unsatisfactoiy. It is found that these materials can be best reduced 
in a disintegrator or some form of roller mill. The disintegrator, Fig. 5, 
is a machine having on the inside two heavy cage-like arms traveling in 
opposite directions. Although the disintegrator is very effective it has 
the disiulvantage of producing an excessive amount of dust, which makes 
it a rather dangerous fire hazard. A better type of mill for this purpose 
consists of two heavy cornigated rollers, between which the material is 
passed. The distance between the rollers determines the fineness of the 
material. 

Chipping of ^Voo(L In preparing wood for extraction the logs or billets 
are cut across the end into fine chips, the machine most commonly used 
being known as the “hog.” The hog chipping machine consists of a 
cylinder cast with a deep V-shaped depression, on each end of which 
the knives, which are twelve in number, are set through slots placed 
alternately and equidistant. Fitting the V depression is a throat or 
shearing plate bolted to the foundation frame; relative to which the 
knives must bo set so they will just clear, thus securing a clean cut instead 
of a smashing or splintering action. The shear plate being adjustable, 
any degree of knife set may be obtained. The capacity of the machine 
varies with the set of the knives, and may cut from two to five cords per 
hour. The liog for a capacity of four cords per hour requires about 200 
horsepower to drive it. 

Another form of chipping machine is known as the “disc chipper,” 
and consists essentially of a heavy cast-iron disc about 6 ft. in diameter, 
mounted on a shaft. The knives, usually six in number, are set in slots 
cut radially or tangentially through the disc, and work on the same prin¬ 
ciple against the -hear plate as the knives of the hog. The wood is fed 
to the machine at right angles to the plane of rotation, and a point 
about mid-distance between the center and outside edge of the disc; 
whereas in the hog the wood is fed against the faces of the cylinder. In 
working with this machine the best results are obtained with a forced feed. 
The most suitable of the forced feeds is the “shot-gun” type, which is 
nothing more than an elongated engine cylinder with a ram on the end 
of the piston. Fitted to this ram is an automatically operated slide-valve 
to secure the quick return of the ram after the stock in process of being 
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chipped is cut up. The capacity of tliis machine is only about half that 
of the hog, but requires niiurh less power in proportion to the wood cut. 
The disc chipper gives a clean-cut chip, fairly free from dust and one which 
readily yields its tannin. 

In botli of the machines (lescribed above the quantity and (jualiiy 
of the chip, as well as the power consumed, depend upon keeping the 
knives and shear plates sharp. 

Secondary Reduction. From the chipping macliines the wood passes 
to a second stage of reduction, which is necessary to reruler the chips of 
uniform size l.>efore extraction. This is e.s.sential in order to get the 
maximum jield and uniformity of pro<!uct. The machines u.sed for 
secondarj' reduction are of the swinging hammer type. The operating 
part of the machine consists of a centra! shaft carrying a series of plates 
to which the beaters or hammers are loosely suspended, so that they hang 
or cluster around the center when the machine is not running. Upon 
starting the machine the centrifugal force causes the hammers to jissutne 
a radial position. Just clearing the ends of these hammers a bar grating 
is set, conforming to the circle described by the hammers when at full 
speed. The bars cross at riglit angles to the direction in which the 
hammers rotate. Thi.s bar grating performs the double function of acting 
as a series of shear plates, and as a .screen which is designed to permit 
pjussjige of the proper size chips. 

Kxtraction. Having been re<luced to the required degree of fineness 
the material is next treated with hot water to dissolve or extract the 
soluble portion. 'I'he most common method of extraction, and the one 
that is simplest in operation is the pre.ss leach. This consists of a number 
of tanks, arranged in what is known as a battery, usually six in number. 
The liquor from one tank is forced by gravity to flow into the next in order 
and so on through the series. A better idea of the process may be gleaned 
by following through the different stages: 

Assume that the leaches have been working for some time, and that 
the strongest liquor has been run off to the cooler or to the evaporator. 
This leaves the six full of bark, and in five there is liquor. The tank 
from which the liquor has been drawn contains the least cxtnicted chips. 
Calling this tank No. 6, the liquor in No. 1 pit is pumped to No. 2. This 
forces the liquor from No. 2 into No. 3 and so on until No. 6 is full. In 
tank No. 1 now remains the bark which has been extracted with six 
different liquors; and in so doing practically all of the tannin has been 
removed. The spent bark in No. 1 tank is now taken out, " pitched,” 
and the tank is filled with a fresh bark. Fresh water or spent liquor is 
run into tank No. 2 which causes an overflow into No. 3 and so on through 
No. 6 to No. 1, which by proper connections has now become tank No. 6. 
The liquor from what was at first No. 1, but now No. 6, is pumped to the 
cooler or evaporator and the liquor in what was No. 2 tank, but now No. 1, 
is pumped to the next in series and the -pent bark pitched. The tank 
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containing the strongest liquor is known as the head leach, while that 
containing the weakest liquor is known as the tail leach. The leach tanks 
are usuallj’ round and arc provi<le(.l with a false bottom, under which 
are steam pipes for the purpose of heating the liquor. The transfer of the 
liquor is made through wooden troughs or copper pipes; no iron pipes 
should ever be brought in contact with tannin extracts. 

I'he coolers are large wooden tanks where the liquor is held until cool 
enough for tlie yards. When concentration is to be carried out no coolers 
are necessiiry except as storage space. The temperature during leaching 
should be moderate, as an excessive heat will darken the extract due to 
oxidation, which extract in turn will produce a dark leather. For very 
light-colored stock leaching is often carried out in the cold. 

In place of the press system of leaching just described some tanners 
and extract manufacturers use a sprinkler leach. In this system the liquor 
is pumped from the bottom of the leach and, by means of a revolving 
sprinkler head, is allowed to spray on the top of the bark in the next in 
series. Although this system produces a strong liquor, there is danger 
of oxidation and consequent los.s of tanning material. 

Where extracts are manufactured on a large scale it is quite common 
practice to emploj' the autoclave system in which the material to be 
extracted is treated under pressure. A pressure diffusion unit, as it is 
called, consists of a series of six or eight cylindrical copper vessels or cells of 
about 200 cu. ft. capacity, and capable of working under a pressure of 
from 15 to 50 lbs. to the square inch. These diffusion units may be 
operated either on the decoction or continuous diffusion basis, the final 
results in eitlier case being about the same. Each unit has a battery 
fitted with steam, water, and air connection by means of which it may be 
operated in the same niammer as an open leach. In the case of the auto¬ 
clave method, however, the extraction is done under a pressure of from 
15 to 30 lbs. per square inch. The time of treatment in the autoclave 
varies with the kind of wood and degree of fineness and, of course, is 
much shorter than in the open leach. Extracts made in the autoclave 
contain much more sugar than when lixiviation is carried out in the open 
leach, the reason, no doubt, being due to a partial decomposition of the 
glucosides present. As is the case with open leaching, the liquors either 
go to the coolers, clarification tanks, or direct to the evaporators. 

Clanjicatwn. Having now the liquor containing the tanning material, 
the next step is that of clarification or decolorizing. In the case of a 
simple bark extraction, where it is only necessary to remove the dust and 
fine particles of wood which have passed the strainers, filtering only is 
required. This filtration may be carried out in several ways, but ordinary 
bag filters are the ones most commonly employed. In such plants wheije 
the liquor is to be used at once for tanning, no filtration is necessary, 
but when the liquor is to be concentrated, an absolutely clear solutipp 
should be obtained before evaporation is started. 
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In order that the temperature of tlie liquor may be maintained it is 
essential that the filtration siiouhl be made as rapidly as possible and 
care taken to provide adequate* instilation to prevent loss by radiation. 
Large settling tanks are often used to aid elarification in which insoluble 
matter settles to the bottom, thus allowing the clear liquor to be elrawn 
from the top. By this means of settling and filtration a fairly clear extract 
may be obtained. It is not. however, absolutely clear and so, for some 
purposes, further clarification and decolorization is re.sorted to in order 
to get the desired results. Decolorization may be brought about by 
chemical means, and may be either by precipitation or direct chemical 
action. Alost of the chemical.? used in decolorizing an extract combine 
with the coloring material at the expense of the tannic acid, fonning a 
more or leas insoluble substance which settles out in the form of a mud. 
Such materials as sulphate of aluminum, lead acetate, and barium chloride 
act in this manner. The best clarification substance is blood albumin. 
The mode of procedure is to cool the liquor to 90^ F. and, while stirring, 
spray into it the solution of blood albumin. When well mixed, the tem¬ 
perature is raised to 125'’F., which cau.ses the albumin to coagulate, and, 
in settling out, carries down with it other insoluble matter. The clear 
liquor i.s then drawn off for concentration, while the precipitate taken 
from the bottom of the tank is filter-pressed to recover as much of the 
liquor as possible. Although this method produce.? an excellent product, 
it is somewhat expensive, and so some of the cheaper substances are often 
used. In addition to the chemicals mentioned above, such substances as 
casein and glue arc sometimes substituted. 

An old method, and one which is time-consuming, consists in allowing 
the liquor to stand for several days, when the clear liquor Is drawn off 
from the top. 

A method frequently employed to brighten extnicts consists in treating 
them with sulphurous acid. This is accomplished by allowing the sulphur- 
dioxide gas to bubble through the liquor. Certain tanning materials, such 
as hemlock and quebracho, contain more or less insoluble tannins which 
may be rendered soluble with alkalis or alkaline sulphites. Several 
brands of clarified extracts containing sodium bisulphite are, therefore, 
on the market. The insoluble tannins may be rendered soluble by means 
of an alkali, and then brought back to neutralization by means of an 
organic acid. 

ConceiUrcUion, In order that tanning extracts may be transported 
economically it is necessary to eliminate the excess of water employed 
for lixiviation. The removal of water is brought about by concentrating 
the liquor at a low temperature in some form of vacuum apparatus. The 
apparatus usually employed is known as the multiple-effect evaporator, 
of which there are several types. For a plant producing 10,000 gals, of 
25 per cent tannin extract per day the equipment to be described consists 
of three or four copper vessels or pans about 0 ft. in diameter and 12 ft. 
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high. These pans are so arranged that the vapor arising from the boiling 

of the liquor in the first pan, or effect, as it is called, is carried through 

pipes into the second and so on in order to the third and fourth. The 

lower section of each effect consists of a drum, fitted with two heads, 

wliicli are tubed in a manner similar to a vertical steam boiler, but the 

tubes are much more numerous. A complete description of vacuum evap- 

* 

oration is given in C’hapter I. 

After concentration, the extract is allowed to cool and settle and is 
then pumped into tanks, cans, or barrels, ready for shipment. 

Powdered Extracts. In recent years a demand has sprung up for 
powdered extracts. These are produced by means of the rotary drum 
drier, or film drier, which consists of an internally steam-heated drum 
inclosed in an air-tight casing. While the drum revolves, it comes in 
contact with a trough of extract, and, picking up a film, carries it along 
the greater part of its revolution (during which time it is thoroughly dried), 
until it comes in contact with a scraper set against this drum, which 
removes and drops it into a suitable receiver. During this process the 
vapor is removed by a vacuum pump. 

A recent innovation in producing solid extracts consists in spray drying, 
whore the material to be evaporated is forced hot through small openings 
into a liigh vacuum chamber. The fine spray readily gives up the moisture 
content, the solid material falling to the bottom of the chamber. 

Classification of Tannins. As already stated, certain substances have 
the property of combining with hide substance to form a new compound 
not susceptible to decomposition. Among these substances are certain 
vegetable matters which contain tannin as the active constituent. These 
tannins are divided into two classes, one being known as the pyrogallol 
tannins; and the others are called catechol tannins. Although two sub¬ 
stances may contain the same kind of tannin, the leathers produced 
from them may differ widely from each other in their general appearance 
and characteristics. It is often the insoluble matter present which plays 
an important part in producing certain desirable conditions, such as the 
firmness noticed in sole leathers. These insoluble tannins are known 
as “ reds.” The tanning materials which give a bloom to leather are 
usually of the pyrogallol group, while those giving no bloom are of the 
catechol group. 

The tannins, though varying considerably in their chemical constitu¬ 
tion, all have the property of precipitating gelatin and other proteins 
from solution, and of forming dark-colored compounds with ferric salts. 
They are also precipitated by the soluble salts of lead, copper, tin, anti¬ 
mony, aluminum, and titanium, as well as several other metals. The 
tannins are also converted into insoluble compounds by means of the 
alkaloids, such as quinine and strychnine, and by the basic colors. The 
tannins act as very weak acids, and, in aqueous solution, are considered 
to be negatively charged colloids. • Being colloids, therefore they do not 
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crystallize and have no definite solubility. The pjTOffallol tannins, when 
decompos<>d, yield pyrogallol, whereas the catechol tannins yield catechol, 
hence the names. Ihese bodies are all phenols dc'rived from the hydro¬ 
carbon benzene, in which one or more of the hy<irogen atoms are 

replaced by the hydroxyl group (OHj. Common phenol or carbolic acid 
Ls the simplest rn(*mber of the series. The following graphic formulas 
represent the structure of the phenolic bo<lies; 
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When a further hydrogen atom is replaced in the ring by the carboxyl 
grouj) (C'OOH) a phenolic acid is the result. The following graphic 
formulas illustrate such acids. 
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These bodies are linked together in some manner to produce the tannins, 
but in just what way there seems to be still some uncertainty, except in 
the case of gallo-taimin, which now is fairly well e.stablished. And 
although there is some difference of opinion, the graphic formula, of this 
substance may be illu.strate<l as follows: 
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It is, therefore, these compounds, together with others of no doubt 
a similar nature, that are contained in the numerous vegetable tannin( 
agents, by means of which leather is produced. 

Having noted something about the chemistiy' of these complicated 
bodies known as tannins, let us now proceed to a consideration of some 
of the numerous tannin-bearing inateriaLs and learn of their particular 
characteristics. 

Chentnut Wood. This tree Mongs to the oak family and is distin¬ 
guished by its narrow, pointed, serrated leaves, its fragrant flowers, and 
its fruit. It may be recognized when out of leaf by the bark which, 
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when young, is gray and smootl\, but is heavily ridged in the mature tree. 
It is found from Maine to Alabama and west as far as Kentucky and 
iMicliigan. From tlie standpoint of production of tanning extract, its 
bounds are witliin the environs of the Appalachian Mountains. In 
Mrginia, West ^'irginia, Tennessee, and North Carolina, it grows in great 
abundance, and so, it is in tlicse states that most of our chestnut extract 
is produced. 

A few years ago, the chestnut blight struck the trees along the North 
Atlantic Coast, and before steps could be taken to retard its ravages, 
thousands of trees were destroyed. It is felt, however, that proper treat¬ 
ment has been discovered and it is hoped that the danger is now past. 

The air-dried wood contains an average of 8 per cent of tannin, but, 
in some cases, may run as high as 14 per cent. The soluble matter obtained 
in the manufacture of chestnut extract usually contains about 60 to 
65 per cent of tannin and 35 to 40 per cent of non-tannin substance. 
The tannin is of the pyrogallol group. The non-tannin substances con¬ 
sist of sugar, gallic acid, pecto.se compounds, resin, and mineral matter. 
The sugars are valuable in the tannery on account of the acid they produce. 
As a tanning material, chestnut extract has been confined chiefly to the 
production of sole, belting, and other heavy leathers and has become a 
staple article in the production of such stock. 

Oakwood. The wood from all oaks yields tannin in varying quantities 
ranging from 3 to 5 per cent. No oakwood extract is made in this country 
and our only supply comes from Southern Europe. In Europe, only 
the waste material is utilized for extraction, as the lumber is of more 
value than the tannin that could be obtained from it. When used, the 
extract gives a leather which differs but slightly from that made with 
American chestnut. 

Quebracho. From the standpoint of production and consumption, 
quebracho wood tannin is as important as that from chestnut. The 
quebracho tree grows in many of the South American countries, but is 
most abundant in Argentina and Paraguay. The common trade name 
quebracho is said to be derived from the Spanish word, " quebra,” to 

break, and hacho, axe, or break-axe, this nomenclature no doubt being 
due to the great hardness of the wood. 

The quebracho is an evergreen tree, which grows to considerable 
height and has a spreading or umbrella-like top. On account of the 
extremely slow powth, taking from 400 to 600 years to attain a girth of 
6 to 8 ft., its disappearance is only a matter of time, for it is being cut 
much faster than it grows. Unlike the hemlock or chestnut forests of this 
country where minimum numbers of these trees grow to the exclusion of 
all others, the quebracho grows scattered throughout and mingled with 
other growths. The land on which it grows is for the most part flat and 
rolling and the forests are divided into belts. The logs are conveyed, in 
some mstances, hundreds of mUes by raU or boat. These logs are also 
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shipped to this country where tannin extracts are made in large quantities. 
Considerable extract is also made in Argentina and m Germany. 

Quebracho has been used in Chili and Argentina for many years, 
but it is only within the last twenty years that it has been used in this 
country to any extent. We are now consuming more than all of Europe. 

Quebracho wood contains about 18 per cent of tannin and yields 
from 22 to 25 per cent of extractive matter, of which 80 per cent is e.sti- 
mated as tannin and 20 per cent as non-tannin. The tannin belongs 
to the catechol group. The extracts, which are of a deep red-brown color, 
arc soluble with great difficulty in water, and in order to obtain satisfacton,- 
results it is necessary to clarify them cither by sedimentation or chemically 
rendering them soluble, the most common method being to treat the 
extract with sodium bisulphite. 

As a tannin agent quebracho is employed for all classes of leather, 
being especially adapted to the production of light leather. In con¬ 
junction with hemlock and chc.stniit it is used in the manufacture of 
bag, case, patent and automobile leather. For sole, belting, and hames.s 
leather it is always used with otlier materials, ns it does not contain the 
necessary sugars required for this kind of stock. 

Barks. As has already been indicated, until recent j^ars the tanners 
depended upon the native barks near at hand for their source of tanning 
material. 7'he hemlock bark in the early nineteenth centtiry was supposed 
to be inexhaustible in the Northern States, while oak bark w’as equally 
abundant in the Southern States. With the areas badly depleted, the 
tanner has been forcetl to nearly abandon bark tannage, although, in the 
form of extracts, these valuable tanning agents are still available. In 
former years bark w’as gathered anti the lumber allowed to rot. This 
condition no longer exists, how'cver, and, when the bark is obtained, it is 
more of a by-product than the primary obj(*ct of the forester. In various 
states of the country an attempt is being made to reforest hemlock and 
oak, but it will no doubt be many j'cars before any succcs.sful results are 
obtained. What has been said in reference to hemlock holds equally 
well for other varieties, such as chestnut oak and other forms of oak bark. 
There arc about twcnty-ciglit varieties of oak in the United States, but 
the chestnut oak or rock oak is the only one which furnishes tanning 
material in any quantity. The range of this tree may be said to be con¬ 
fined, like the chestnut, to the Appalachians, where it grow’s in great 
abundance. The supply, however, is diminishing rapidly and, on account 
of the slow growth, will soon be exhausted. 

Chestnut Oak Bark. Prime chestnut oak bark contains about 10 per 
cent of tannin, and yields from 18 to 20 per cent of extractive matter 
which is rich in acid-forming sugars. It is on this account considered one 
of the most valuable of all tanning materials. Its tannins arc of the 
catechol group. 

On the Pacific Coast there is a variety of oak which grows abundantly 
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in California and Oropon. Tito bark from this tree is the richest in tannins 
of anj' of the oaks, frequently containing from 17 to 20 per cent of tannin 
and yieklinp as miicli as 30 per cent of soluble extractive matter. From 
it a rich red liquor is produced more like hemlock in appearance than it is 
like chestnut. The sole and harness leather tanned with this liquor is of 
a distinctive character and of excellent quality, being much more mellow 
and with less tendency to break than is the case with ordinary oak-tanned 
stock. In recent years California oak-tanned leather has met with con¬ 
siderable favor, and the <lemand for it seems to be on the increase. 

Hemlock Bark. Next in importance to oak and chestnut woods and 
barks comes hemlock bark. In North America it probably still holds 
first place. The hemlock is a cone bearer of the spruce family and is one 
of the most beautiful evergreens of the forest. We can well say “the 
murmuring pines and hemlocks” for, with its conical shape and plume¬ 
like horizontal branches, it giv'es the impression of great dignity and 
solemn beauty. The bark is of a red color, and its leaves are short and 
linear, growing on little petioles. In the spring the foliage is tipped with 
a new growth of a light green, while in winter it is dark and lustrous. 

Hemlock is widely .scattered in one or more of its varieties all over the 
world. The species are five in number and grow principally in northern 
latitudes. In eastern North America it ranges from Hudson Bay to 
Georgia and from the east to the Mississippi. The great hemlock forest, 
however, does not extend south of Pennsylvania and West Virginia. 

In western North America one of the varieties of this tree, which 
is richer in tanni!i than the eastern, flourishes along the Cascade Range 
and north from there along the mountain ranges of British Columbia and 
Alaska, whore it is still very abundant on account of the remoteness of 
its position, half a continent separating it from the groat centers of the 
leather industry. 

In the Eastern states and Canada the supply is fast approaching the 
vanishing point, and of the thousands of square miles once covered with 
practically unbroken hemlock forests comparatively little remains, and it 
doubtless would have entirely disappeared had it not been for the intro¬ 
duction of other tanning materials. 

The bark of the hemlock contains varying quantities of tannin. As a 
rule, it yields about 10 per cent of the weight of the air-dried bark, with 
about 16 to 18 per cent of soluble extractive matter. The tannins are of 
the catechol group, and the soluble non-tans are rich in acid-forming sugars. 
The liquors are of a bright-red color and are soluble with difficulty. 

As far as North America is concerned, it has been the tanning material 
par excellence, and the only one with which it is possible to produce good 
leather of all kinds. It is well adapted for making light and fancy leather, 
on the one hand, and is equally satisfactory in producing heavy sole. 

Mangrove Bark. Mangrove bark is a tanning material derived from 
the tree which is widely distributed in practically all tropical island dis- 
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tricts. There are over twenty different species ranging in tannin content 
from 8 to 30 per cent. The most largely used variety is that known as 
Rhizophora mucronata. The mangrove tree reciuires considerable moisture 
and is, therefore, found in swampy or marshy Ian<l, and along muddy 
seacoasts. The trunk is irregular and spready, making its gathering ven* 
difficult. The bark is stripped and sold as .«:uch to the tanner, or is 
extracted and sold as mangrove or cutch extract. It i.s list'd in the prf>- 
duction of sole leather, but is always mixed with other barks or extracts. 
In South American countries, the entire tannage often consists of this mate¬ 
rial alone. The difficulty of securing this bark has had much to do with the 
limitations of its u.se. There arc thousands of acres of this material, 
however, that are avilable, and there is no question but that eventually 
it will become an important raw material in the manufacture of leather. 

WaUlc Bark. Wattle bark is obtainetl from various species of Aus¬ 
tralian acacia and, on account of its exceptionally high content of tannins, 
bids fair to become an important factor in the production of leather. 
Much work has been carried out with this material in recent years, and the 
results obtained look ver>- promising. Some .samples of the bark contain 
as high as 50 per cent of tannin. 

Alimosa Bark. Mimosa bark is from the Acacia arahica and is used 
quite cxten.sively in India for the tanning of kips. It contains from 12 to 
30 per cc'ut of tannin. 

Besides the barks mentioned above there arc many others which 
contain more or less of tannin. The.sc barks are used only for special 
puri>o.s<is and are employed only when they are near at hand. Some of 
these barks might be mentioned by name only, as a complete description 
would not be of any general interest. They arc willow bark, larch bark, 
pine bark, spruci* bark, and juniper bark, these being the only ones of 
any importance. 

Leaves and Fruit. Sumac. Sumac is a much-prized tanning material, 
the best grade of which is obtained from Palermo, Sicily. The leaves of 
the mature bush arc picked by hand and are dried out in the fields or on 
rocks, after which they arc separated from the stems b)’^ beating. The 
leiives are finally ground to a fine powder under edge rollers and shipped 
as such in bags. 

Good sumac contains from 25 to 27 per cent of tannin, and sometimes 
may run much higher. The tannin is mostly gallo-tannic acid. Sumac 
is the best tanning material known for light-colored and soft leather and 
finds extensive application in the production of sheepskin and skivers. 
It is also used to a large extent for improving the color of leather that has 
already been produced with darker tannages. Like some of the other 
tanning materials, the product is found as numerous species. They all 
have the same characteristics, but differ in their percentage of tannic 
acid and the color produced. 

Second in importance to Sicily sumac is the product known as “Stag- 
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horn,” which is a variety of sumac found in Virginia. It contains from 
10 to 18 per cent of tannic acid, and the color which it produces is nearly 
c(|ual to that obtained with Sicily sumac. The leaves are collected and 
drietl, but no attempt is made at selection. The leaves are at first allowed 
to witlier in the sun and are then transferred to sheds and spread out in 
thin layers on a set of racks. When thoroughly dry and in a brittle 
coiulilion, the leaves are ground in edge runners and the resulting powder 
sifted to remove twigs and stems and packed in bags for shipment. 

Oambicr. Gambier is a tanning material derived from the climbing 
shnib Vnearia gambler, found in the Dutch East Indies. It is also raised 
by the Chinese and by very crude methods is converted into the product 
used by the tanner. The first crop is taken when the shrub is about three 
years okl. The leaves are plucked from two to four times each year 
during the life of the plant, which is about fifteen years. The leaves are 
at once chopped and placed in kettles with boiling water, until the extrac¬ 
tive matter has been removed. During extraction the contents of the 
kettle is constantly stirred and, as concentration takes place, a sirupy 
liquid results. The leaves and twigs are now removed with a fork and 
the excess of liquor allowed to drain back into the kettle. The sirup 
liquid is placed in tubs to cool and when cold is of a pasty consistency. 
The paste is then placed on a flat surface and cut into cubes. These cubes, 
which are about an inch in length, are placed on bamboo trays and dried 
out over a wood fire. The product, when dry, is of a dark-brown color 
on the outside and of a pale-yellow color on the interior. In these small 
blocks it comes on the market and is known as cube gambier. The tannin 
content of good cube gambier is from 50 to 65 per cent and is a catechol- 
phloro-glucol derivative. Gambier produces a soft tannage and is largely 
used in the production of glove leather. 

A more common and cheaper form of gambier is that known as “block 
gambier” or “mat gambier,” which is produced by running the pasty mass 
into large matting forms, thus giving blocks which weigh about 250 lbs. 
each. This form of gambier contains from 35 to 40 per cent of tannin. 

Within recent years modem factories have been established in Sumatra 
and other places, and in these plants the extraction and concentration are 
being conducted on more scientific lines. A greatly improved product is 
therefore now available and is known as Indragiri, 

Myrabolans. Myrabolans is a tanning material obtained from the 
unripe fruit of the 7erTnitiolia, ch^hulxi, a tree growing in TnHin. and reaching 
a height of from 40 to 50 feet. The content of tannin varies from 30 to 40 
per cent, depending upon the maturity of the fmit. The product, known 
in the trade as “Bombays,” meaning their point of shipment, are the least 
unripe, the latter producing a color very closely resembling sumac. The 
tannin present in myrabolans is of the gallo-tannic and the ellagitannio 
acid types. The nuts should be hard in character, and not of a waxy or 
soft appearance, otherwise difficulty in grinding is encountered. 
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GLUE AND GELATINE 

JEROME ALEXANDER 

ConsuUitig Chemist and Chemical Engineer, New York CiOj 

Glue. Glue is an organic substance of var>ing cliomicai constitution 
obtained upon dr>'ing the solution yielded by heating witli water, propt^rly 
prepared animal matter such as skins, bones, etc. Stout soups wliich 
gelatinize when cold represent very impure glue solutions. In commerce 
glue appears in a great variety of forms, in rectangular sheets or cakes 
(sheet or cake glues), in wide or narrow strips (ribbon and noodle glues), 
m broken flakes (flake or chip glues), and ground or granulated in all 
degrees of fineness (ground and powdered glues), pearl glue; it is sometimes 
colorless and transparent, sometimes opaque, and it occurs in all sliades of 
white, yellow and brown. 

Gelatine. Gelatine is made from certain kinds of bones and parts of 
tlie skin, selected, washed and treated with especial care so that the result¬ 
ing product is much cleaner and purer than glue. Being e.\tracted at a 
lower temperature with relatively less exposure to heat, less of the fluid 
disintegration products of the stock are fonned, and the jellying power 
is therefore greater. Broadly speaking then, glue is impure gelatine. 
In fact some very light-colored high-test glues (technual gelatine) so closely 
resemble gelatine that an investigation of the conditions of manufacture 
and the presence of certain chemicals is the only practical wuy Ikj differen¬ 
tiate between them. 

The derivations of the terms glue (from the unused Latin verb gluere, 
to draw together) and gelatine (from the Latin gclare, to congeal, a word 
allied to the English chill, gelid, jelly), at once call to mind the principal 
properties of these substances, for glue is chiefly used as an adhesive, 
whereas gelatine is valued mainly according to its stiffening or jellying 
properties. Both are typical colloids, Graham having in fact formed this 
term from the Greek koAAo » glue; and they consequently exhibit the 
characteristic properties of this interesting class of substances, which, 
in marked contrast to crystalloids, do not readily form visible crystals, 
or diffuse through membranes like parchment paper or skin. 

Colloidal Condition. Instead of referring to colloids as a “class of 
substances,” it would perhaps be more correct to speak, as Graham does 
(Phil. Trans., 1861, p. 183), of the “colloidal condition of matter,” particle 
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size being the criterion. Most substances may exist in either the colloidal 
or the crj-stalloidal state, depending upon the nature of the solvent 
(c.g., certain soaps) or upon the conditions governing their formation 
(e.g., gold, silicic acid). It is often, but erroneously stated that colloids 
arc definite substances. Even Thomas Graham clearly saw and stated 
that the same substance may exist in either crystalloidal or colloidal 
form, and may pass from one to the other. Thus, commenting on the 
mutability of colloids, and pointing out that their existence is a continued 
metastasis, he says that “the mineral forms of silicic acid, deposited from 
water, such as flint, are often found to have passed, during the geological 
ages of their existence, from the vitreous or colloidal into the crystalline 
condition.” (H. Rose.) The ultimate particles of colloids are much 
smaller than what we would ordinarily term a physical subdivision, but 
rather larger than chemical molecules; consequently their reactions 
stand midway between the physical and the chemical changes of matter, 
as may be seen by considering the properties of gelatine and glue. 

Gelatine and glue absorb a considerable quantity of cold water and 
swell up, yielding a jelly which, upon the application of heat, melts to a 
viscous solution which gelatinizes again upon cooling. When dried at 
medium temperatures, they can be again redissolved and redried indefi¬ 
nitely, and are therefore called reversible colloids to distinguish them from 
other colloids which, when once dried, are insoluble (i.e., silicic acid). 
When superdried at about 130° C., however, both glue and gelatine become 
insoluble, their constituent particles having approached too close to be 
again separated by simple soaking.^ 

Glue and gelatine are also termed hydrophile (friendly to water), or 
Jyophile (friendly to solution), in contradistinction to such colloids as 
silicic acid, alumina, et^., which are hydrophobe or lyophobe. Since dis¬ 
persed particles of ly<Irophile colloids were supposed by Wo. Ostwald to 
be liquid, he ten;/® them emulsoids, where as colloidal silica, gold, etc., 
havi^r>**u>r^^persed particles, were called suspensoids. In nature, 
-nlT^mon forms exist, and indeed as gelatine hydrates and its molecular 
groups become separated by the imbibed water, it passes gradually from 
the solid to the fluid state. 

If two equal portions of the same sheet of gelatine are placed, the 
one in, for example, 20 times its weight of water, and the other in twice 
as much water, the latter will swell much more than the former. Wo. 
Ostwald has shown that this curious effect is largely due to the fact that 
diffusible substances which depress swelling (e.g., CaS 04 , and certain 
hydrolysis products) are removed to a greater extent in the presence of 
more water. 

* F. Hofmeister considers this os a regeneration of collagen, which he regards os 
the anhydrid of gelatine {Chem. Cenlralbl., 1879, p. 74). Gum arabio shows the same 
phenomenon. Superdried gelatin, as weU as ^t rendered “insoluble” by formal- 
dehyd, swells in water. 
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Glue and gelatine are especially powerful proleclive colloidst, for they 
render sensitive and irreversible colloids stable or reversible, even if 
present in minute quantity—witness the nature of the precipitate of 
silver chloride fonned in the presence of a little glue or gelatine solution. 
The subjoinetl table shows the “gold numbers” ‘ of glue, gelatine, and a 
number of other protective substances. 


Substance Gold Numl>er 

Gelatine. 0 005-0,01 

Russian Rlne. 0 005 0 01 

Lsinulaas. 0.01 -0.02 

Casein (in ammonia). 0.01 

EftK-Klobulin. 0 02 -0 05 

Ovomucoid. 0.04 -0 08 

Glycxjprotcin. 0 05 -0 1 

Amorphous escK-nlbumin. 0 03 -0 06 

Crj-8talli7.e<l CKK-albumin. 2 0 -8.0 

Fresh cRg white. 0 08 -0.15 

^ . / 0 IS -0 25 

Gum tragacanth. 2.0± 

Dextrin. 6.0 -20.0 

Wlieat starch. 6.0± 

Potato starch. 25.0± 

•Sodium olcate. 0,4 -1.0 

•Sodium stearate at 100®. 0.01 

Sodium stearate at 60®. 10.0 

Dcutero>albumosc. oo 

Cane sugar. oo 

Urea. oo 

Stannic acid sol (old). on 


The present evidence is that gelatine is not a de&nite chemical entity, 
but rather an adsorption complex containing various contaminating sub¬ 
stances. Assuming that such a thing as “chemically pure gelatine” 
exists, no one has thus far prepared it; and the numerous experiments 
made with more or less pure gelatine must be considered in the light of the 
powerful influence exerted by even traces of impurities. (See Glue and 
gelatine, A.C.S., Monograph No. 11.) 

Glue solutions will not diffuse through colloidal membranes (i.c., parch¬ 
ment paper and bladder), and their jellies are impermeable to other 
colloids.^ The solutions arc thickened by alum, formaldehyde and tannin, 

^Tho “gold number” is the number of milligrams of a protector which just fails to 
prevent the color change from bright red to violet, of 10 c.c. of a solution of pure 
colloidal gold upon the addition of 1 c.c. of a 10 per cent solution of NaCl. 

* It must be understood that the difference in diffusion between colloids and crys¬ 
talloids is relative, and not absolute. Graham speaks of the “low diffusibility” of 
colloids, and after showing that sodium chloride passes through parchment paper 200 
times faster than tannic acid, and 400 timee faster than gum arabic, says: "The sepa¬ 
ration of colloids from crystalloids is, in consequence, generally more complete than 
might be expected from the relative diffusibility of the two classes of substances.” 
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and also by chromium salts upon exposure to light. But these coagula 
cannot be considered in a strict sense as chemical compounds, because 
their composition varies greatly with the conditions of their formation. 
They are nevertheless of great technical importance, forming the basis 
of the tanning process, and photolithography. 

Chemical Constitution. We know comparatively httle of the chem¬ 
ical constitution of gelatine and still less of the more impure and further 
hydrolyzed glue. The essential constituents of gelatine are carbon, 
liydrogen, oxygen, and nitrogen (other elements such as sulphur, phos^ 
phorus, etc., being present in absorbed impurities) and its empirical 
formula according to Schutzenberger and Bourgeois is C 7 CH 124 N 24 O 20 : 
but such a formula does not give any information of value. On the 
other hand, a study of the cleavage products of gelatine gives some insight 
into its extreme complexity. Skraup and von Biehler {MonatshefU fur 
Clicmie, 1909, \ ol. XXX, p. 476), find that upon hydrolysis with hydro¬ 
chloric acid, gelatine yields the following substances all of which, from 

the previous work of Fischer, Levene and others, have been shown to be 
<Jontained in it. 


Glycine.25.5* 

Lysine.5.9 

Alanine.8.7 

Phenylalanine .1.4 

Leucine. 7.1 

Aspartic acid. .3.4 
Glutamic acid.5.8 
Histidine.0.9 


a-amino-acetic acid.CHjfNH,) • COOH 

or-e-diamino-caproic acid.CH, • NH,(CH,)>CH(NH,) • COOH 

o-amino-propionic acid.CHj • CH(NH,) • COOH 

^-phenyl^amino-propionicacidCsHs CHr CH(NH,)*COOH 
or-aminono-iso-caproic acid.... CHj(CH,)iCH(NH,) COOH 

amino-succinic acid.COOH CHi-CHfNH,) COOH 

or-amino-glutaric acid.COOH-CH, CH,CH(NH,)-COOH 

^-imino-azole-ot-amino-pro- 

P™*'. N-C-CH..CH(NH.).C00H 

HC CH 

\/ 

NH 

a-ainino-j-guaniiio*'n-»valeric acid 

NH : C(NH.).NH(CH,)..CH{NH,).COOH. 
or-pyrrohdine-carboxylic acid. H,C—CH* 

Hji icOOH 

Vh 

^-oxy-a-pyrrolidino- 
carbo-xylic acid.H,C—CH-OH 

dj-COOH 

NH 

*Tho figures represent the percontaires fonnel Kv n-i.:.. • . . 

hydrolysed gelatine. ^ * revised method of analysis of 


Arginine.8.2 

Prolinc. 9.5 


Oxyproline_14.1 


Some of these substances may result from the decomposition of more 

eZ£d “e 
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Raw Materials. Commercial glue stock may be divided ioto four 
classes: 

1. Skin or hide. 

2. Bone. 

3. Sinew. 

4. Fish stock. 

Hide Stock. iVlost hide stock Ls produced by tanners, and as leather 
is more valuable than glue, only waste pieces of hide reacli the glue-rnaker. 
The principal kinds of such stock are: “pieces,” or heavy trimmings from 
dried, salted or limed .skins (yield 18 to 50 per cent of glue); “fleshings,” 
representing the scrapings from the flesh side (yield 3 to 40 per cent of 
glue); “skivings,” which are parings from the hair or grain side of the 
skin or hide. ^'crJ' frctjuently the yield of grease from fleshings exceeds 
both in percentage and value that of the glue, especially in the case of 
“machine fleshings,” which are usually thinner than those taken off by 
hand. 

Calf, cattle, goat, sheep, deer, pig and horse skins are v'alued about 
in the order given. Recently, good gelatine has been made from pig skin. 

A great variety of other kinds of hide waste also finds its way into the 
glue pot, as for example: rabbit skin or coney stock, a refuse produced by 
hatters who pluck off the fur for the manufacture of felt hats; loom pickers, 
representing discarded fragments of rawhide from textile machinery’; 
worn-out Turkish rawhide moccasins, and many other kinds of rawhide 
and parchment waste. Tanned skin yields no glue, although patents 
have been taken out for extracting the tanning materials and making 
glue from the skin thus made soluble. 

“Dry stock” may have been either uncured or salted or limed before 
drying; “green” or wet stock may be “green salted” or “green limed.” 

Sinews. These come into the market fresh or green salted from the 
slaughter houses; they are also imported in dried state from South 
America, in which case they are frequently mLxed with dried bulls’ pizzles. 

Bone. Quite a number of kinds of commercial glue stocks are pro¬ 
duced from osseous tissue. The chief of these are enumerated below. 

Green or Packer Bone. This consists of fresh sweet bone containing 
the marrow or bone fat and frequently adhering tendons, coming from the 
canning room, cutting room and killing floor. Such stock usually under¬ 
goes an immediate preliminary steaming at its place of production, by 
which part of the fat, miscellaneous tissue, and blood are separated and the 
keeping qualities of the bone so improved that it will stand transportation 
and storage. At the packing houses large quantities of fresh bone arc 
produced in the canning departments. The long shin bones arc sold to 
manufacturers of buttons, knife handles, etc. (whose refuse is later used), 
while heads, ribs, feet, etc., go direct to the gelatine or glue factoiy. The 
hoofs and horns are usually first removed, for contrary to popular notion, 
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they j'iold no glue as they consist of keratin.^ From cattle feet neatsfoot 
oil is rendered at a low temperature. 

Country bone, which is chiefly butchers’ offal and junk hone consisting of 
old dry bone from any source, arc used mostly for the production of low 
grade glues. 

Ossein. This is also called acidulated bone. It is prepared by leach¬ 
ing crushed bone in dilute (about 8 per cent) HCl, whereby the mineral 
constituents are dissolved, leaving a cartilaginous substance (collagen) 
in the original shape of the fragment of bone. Before this process the 
bones, after drjdng, are usually degreased in a closed steel tank with a 
volatile solvent (benzine) w’hich is afterward distilled off from the grease 
and recovered. In the acidulation the main reactions are: 

Ca 3 (P 04 )L> + 4HC1 = 2CaCl2 + CaH 4 (P 04)2 (acid or monocalcium 
phosphate), 

Ca 3 (P 04)2 + 6HC1 = 3CaCl2 + 2 H 3 PO 4 , 

Ca3(P04)2 + 4 H 3 PO 4 = 3CaH4(P04)2. 

By careful control the amount of HCl is regulated to conform to the first 
formula. 

From the acid solution the phosphoric acid is precipitated by the 
careful addition of milk of lime: 

CaH 4 (P 04)2 + Ca(OH )2 = 2 CaHP 04 (dicalcium phosphate) -p 2 H 2 O 

2 H 3 (P 04)2 + 2CaO = Ca 2 H 2 (P 04)2 + H 2 O .2 

The “precipitated bone phosphate” as it is called, is calcined to produce 
“pyrophosphate” mainly Ca 2 P 207 , which is largely used to line molds 
for casting copper, and to a lesser extent in the manufacture of “bone 
china.” The “acid phosphate” is used in baking powders. In order to 
avoid an excess of lime, which would reproduce tricalcium phosphate, a 
filtered sample of the liquor is from time to time tested with molybdic 
acid solution, and the addition of lime stopped as soon as the failure of 
the ammonium phosphomolybdate precipitate to form, indicates that no 
more free phosphoric acid or acid phosphate is in solution. If an excess 
of lime be accidentally added, the error can be retrieved by the addition 
of a suitable quantity of the acid liquor. The precipitate is pumped or 
forced by compressed air into a filter press and pressed free from calcium 
chloride.^ 

The collagen, after washing out the residual acid (using lime water 
to neutralize if necessary) may be made directly into glue, but it usually 

‘ Many dictionaries perpetuate the erroneous notion that glue is made from hoofs 
and horns. 

* In both the solution and precipitation of the bone phosphate other secondary 
reactions go on at the same time. 

* Differential titration with phenolphthalein and methyl orange as indicatora is a 
quicker method now used. 
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is dried at a low temperature, yielding commercial ossein, which is used to 
manufacture gelatine. 

DenlcUcs. The ossein made from button makers’ hone is commer¬ 
cially known as “dentelles”; it is frequently called “spectacles” because 
of the fancied resemblance to eyeglasses, of pieces from which the round 
buttons have been cut. 

Prepared Horn Pith. This Is an ossein stock made from the comillons 
or interior supporting bony core of the hom.s. As it is the only part of 
the osseous structure that does not come in contact with flesh, liorn pith 
yicld.s a singularly pure and high-class gelatine, and its porous structure 
renders easy its treatment and subsequent extraction. 

Fish Stock. The heads, bones and skins of fish yield liquid glues 
which are not considered here. The swim-bhidders of certain species of 
fish constitute what is known as isinglass. 

Manufacture. The manufacturing operations at the glue factory arc: 

1 . Preparing the stock; 

2 . Heating the stock; 

3 . Treating and ( 4 ) drying the resulting glue solution. 

Preparation. While the last two of these classes of operations are 
substantially the same for all stock, there arc several methods of prepara¬ 
tion, as might be expected from the great variety of raw materials. 

Washing and Liming. Hide, sinew and ossein stocks after a brief 
preliminary soaking or washing in water to soften them and remove 
dirt, salt, etc., arc placed in successive baths of lime water of gradually 
increasing strength, in which the stock swells up and becomes “plump” 
so that it readily dissolves in the boiling kettle. The time required for 
liming varies with the stock and the season, always proceeding more 
rapidly in warm weather.* Liming also removes hair from hide stock. 
Thick dry hide pieces may take as long as six months to lime, whereas flesh¬ 
ings or thin skivings from hides limed at the tannery arc frequently all 
ready to cook, after washing and adjusting the hydrogen-ion concentration 
(pH); coney stock, being vciy finely shredded, is usually “boiled” with¬ 
out liming. Practical experience is needed in this process, for an under¬ 
limed stock requires more time and heat to hydrolyze (thus injurious 
affecting the quality of the glue), while overlimcd stock is largely wasted 
in the washing process, which we will next consider. 

The limed stock is taken from the lime pits (usually wooden vats sunk 
in the ground) and thrown into a washing machine, where it is thoroughly 
agitated in water until practically all of the lime is washed out, which 
may be determined by cutting open a piece of stock and testing the 

* Hide pieces are often ehredded or cut small to expedite the liming process, and 
the limes are sometimes "sharpened” with soda. 

The extraction must not be too rapid, or else a slimy moss results, which interferes 
with subsequent extraction. 



1430 


ihdustrial chemistry 


interior with indicators. The slight remaining alkalinity is neutralized by 
soaking in very weak acid. For very clear glues HCl is used, the resulting 
calcium chloride being very soluble; H2SO4 gives a precipitate of CaS04 
which renders the glue more or less opaque. At this point sulphurous 
acid is often used to bleach and further plump the stock; ^lum is also 
used to bleach the stock and harden the jelly. After thorough draining 
the stock is transferred to the “boiling” tank or kettle. The stock is 
usually cooked at about pH 5 . 5 , practice varying in different plants and 
with different stocks. Some kinds of hide stock are now swollen in acid 
solution, and after regulating the pH are then boiled. 

The “cone washer” is the one most in vogue in this country; the 
heavy wooden cone kneads, presses and turns the stock, effectively loosen¬ 
ing the lime, which is carried away by a stream of water entering from a 
perforated standpipe at the center and flowing through perforated iron 
plates at the sides or bottom of the tub. 

Fresh Bone is sometimes boiled without even a preliminary washing; 
but if washed and degreased (so-called benzine process) it yields a much 
clearer glue. Bones may be made into glue by the “sulphurous acid 
process” patented by Grille and Schroeder, according to which bones 
are disintegrated by moist sulphurous acid gas or liquid SO2 according to 
the equation: 

Ca3(P04)2 + SO2 + H2O = Ca2H2(P04)2 + CaSOs. 

Bones thus treated readily dissolve in the kettle; any acidity is neu¬ 
tralized with milk of lime, and the resulting “mud” after the calcium 
sulphite is oxidized by exposure to the air or by oxidizing agents, forms 
a valuable fertilizer. 

The “ Boiling" or Cooking Process. In the extraction (or cooking) of 
glue the prepared stock is subjected to the hydrolyzing action of hot water 
by which the collagen undergoes a change into glue. Hofmeister regards 
this process as a hydrolysis proceeding in two stages according to the 
equations: 

CiO2Hi49N3iO384-H2O = Ci02Hi5iNi3iO30; 

Collagen +Watcr ■ Gclotine 

C102H151N31O39 + 2H2O = C55H85N17O22 + C47H70N14O10; 

Gclntino + Wntcr - Scmiglutin + HomicoUin 

but in dealing with substances of such variable composition, empirical 
formula; of this kind have no great significance. Indeed the whole “boil¬ 
ing” process seems rather to be the gradual breaking down of colloid 
complexes with accompanying changes in the amount of absorbed water, 
and to consist of physical as well as chemical changes. 

The higher the temperature, and the longer the stock is exposed to it, 
the more rapidly these degenerative changes proceed and the lower the 
test of the glue. Hence it is desirable to extract the stock as quickly 
and at as low a temperature as is commensurate with good operation. 
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Here again the differences in stock necessitate the use of different typos of 
kettles, or cookers, whicli may be grouped into two classes: 1 . Open tanks; 
2 . Pressure tanks. 

Open Tank. The open tank usually consists of a rectangular or round 
wooden tub having a closed steam coil over which a perforated false bottom 
of wood or iron is placed so as to leave a circulating space between the two. 
Upon the false bottom is spread a layer of excelsior to ser\'e as a rough 
strainer, and on top of this the stock is thrown to fill the tank. Suf¬ 
ficient clear water is then added to cover the stock, and steam turned 
into the coil; when the de.sired temperature is reached, the steam is 
cut dowm to the minimum needed to maintain it until a sufficiently con¬ 
centrated “soup” or glue solution is obtained, which may be determined 
by chilling a sample in a small cup, or by taking the “Beauim^” (specific 
gravity). After skimming off the floating grease, this solution, the “first 
nm” as it is called, is drawn off for further treatment, the stock again 
covered with water and a second run made in like manner, the same 
process continuing as long as any glue is left in tlie stock. The last run 
or washwatcr is extracted at boiling heat and is usually so wTak that it 
must be added to another kettle, or be mixed with a stronger preceding 
run or else be evaporated. 

Hide, sinew or ossein stocks arc the ones usually “boiled” in the open 
kettle, and as they are greatly softened by their preliminar3' liming, they 
hydrolyze at comparatively low temperatures. As a rule three or four 
runs suffice to exhaust the stock; the residue is then dried for use as 
fertilizer. The tankage may contain fat or insoluble lime salts of fatty 
acids, in which event the grease is recovered by treating with HaSO-i. 

Temperature. The temperature of “boiling” must in any event be 
above that favorable to bacterial growth, and usually begins at about 70 ® C. 
( 168 ® F.), gradually increasing with each successive “run.” The time 
required for boiling a “run” varies from one or two to six or eight hours, 
depending upon the pH and nature of the stock and the temperature used. 
Several new types of open tanks have been patented in which the water 
is caused to circulate through the stock by mechanical means (central 
standpipe), the object being to keep the temperature as uniform as possible 
throughout the tank; but with the ordinary tanks the stock is not disturbed, 
or, at most, occasionally stirred with a long pole to open it up to aid 
convection. 

Pressure Tank. The pressure tank process of “boiling” glue is largely 
used with untreated bones. The tanks consist of vertical steel or iron 
cylinders capable of withstanding several atmospheres pressure, having 
convex ends and large manholes at the top for filling and at the bottom 
for discharging the steamed bone. 

The bones may be heated with water under pressure ( 10-20 lbs.), the 
water may be allowed to trickle in from above while steam enters below 
(English process) or the condensation of the steam may supply the ncces- 
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sarj’ water (French process). The successive runs of glue obtained are 
more concentrated than by the open tank method; they are drawn off from 
time to time tlirough a perforated false bottom. With fresh bones a large 
quantity of bone grease is incidentally produced. 

Treating the Liquors. With ordinary' glues, the liquors, after adjusting 
pH and filtering, arc concentrated in a vacuum evaporator if necessary, pre¬ 
served with antiseptics (usually ZnS04), and run directly into galvanized 
iron pans or “coolers” where tlicy set to a jelly, a process which frequently 
has to be assisted by artificial refrigeration if the “boilings” are weak or 
the weather warm. The Kind continuous spreader, chiller, and cutter 
receives the cooled liquor, chills it on a belt to a continuous sheet of 
jelly, which is automatically transferred to nets. White or opaque glues 
arc made by stirring in the desired quantity of oxide of zinc or other 
whitening material, before pouring the liquor into the pans. 

Clarification. Although ossein generally yields very clear liquors, in 
order to secure the extremely clear jellies required for some glues and 
food gelatines, both chemical and mechanical treatment of the liquors 
arc resorted to. The chemical methods consist in forming within the 
liquor a flocculont precipitate which tends to absorb and carry down with 
it the turbidity-producing particles. Alum, phosphoric acid or sulphurous 
acid followed by milk of lime, and blood or egg albumen are among the 
substances which have been used. The modem method is to use a pressure 
filter, with a “filter-aid” like lueselguhr or diatomaceous earth. After 
the addition of albumen, to produce coagulation the liquor must be heated, 
which has an injurious effect on its jellying strength. The treated solution 
is filtered through a filter press or a pulp or bone char filter, and then 
run into the pans. 

Di-ying. The “coolers” or molds are dipped for an instant into hot 
water to loosen the jelly blocks, which, by means of stretched wires operated 
by hand or arranged in special glue cutters, are sliced into sheets of any 
desired size and thickness. These jelly slices are spread upon galvanized 
or linen nets, and high piles of the nets (called “stacks”) are mounted 
upon wheeled trucks and are run into a dry room against a current of warm 
air actuated by a circulating fan, which after passing over a large steam 
coil, enters the further end. Blower or pressure fans, and suction or 
exhaust fans are both used. See Fig. 441 . 

As the drying proceeds and the glue “skins over,” it can be pushed 
nearer and nearer to the hot coil in front of which it gets its final “bak¬ 
ing”; the stack is then withdrawn through a side door and the finished 
dry glue taken from the next to be broken, ground, and packed into 
barrels, bags or packets. 

Drying frequently causes the manufacturer much concern, for weak 
jellies are apt to soften and stick to the nets or even run entirely through 
to the floor; and besides the fresh jelly is open to the inroads of bacteria 
whose action may result in black or offensive^smelling glue. 
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Grading. None of the so-called chemical tesLs for glue have much 
practical significance, but by experience it has been learned that glues 
made from certain stock and possessing certain physical characteristics 
give good results when used for certain purposes. The most important 
physical characteristics are the viscosity and the jelly strength of a solution 
of the glue, and in order to have some means of expressing these numeri¬ 
cally arbitrary standards have l>een selected which cover the wide range 
of commercial glues and gelatines.* The following table gives tlie viscosity 
and jelly strength of such standards, determined on solutions of 25 grams 
of glue in 100 c.c. of water.- 

The standard viscosities were determined with a standardized pipette 
which permits the efflux of 45 c.c. of water 80 ® C., in exactly 15 seconds. 



Side view of one alley. 

Fio. 441.—Side View of Dry Room. 


To determine standard jelly strength the “shot” test was found 
unreliable, and a special instrument was devised. It consists of a brass 
cylindrical vessel supported like a gas tank by four vertical rods, against 
which it slides with almost frictionlcss roller bearings. This brass cup 
is allowed to rest on a truncated cone of jelly of definite size, composi¬ 
tion, and temperature; and shot are gradually poured into the cup until 
a definite compression of the jelly is observed. Beneath the cup are two 
vertical adjustable brass upri^ts 3.6 cm. high, connected with an electric 

1 The teste here given in a aeries are strictly eomparativt^ against slondard samples, 
and slight variations of temperature do not materially influence the results. When 
naing the ofBcial methods of the N.A.Q.M. referred to on p. 1203, where abaoltUe 
figures are taken, extreme care must be used in temperature control, when taking 
viscosities and jelly strengths. 

»See J. Soc. Chem., Vol. XXV, p. 158 (1900). 
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bell circuit; so that when the cup reaches their level, it completes the cir¬ 
cuit and the bell rings. 


Standard 

Alexandea'a Gtiadeh 

ViAcositic.^ 
(in 9er(i.) 
at 80"^ C- 
Solutinn 

25-100 

Allow- 
nblr Vari¬ 
ation of 
Vificonitiefl 
(in Bccs.) 

Jelly 
Strength 
(in ozs.) 
at 10*^ C. 

Strength 
(in gma.) 
at 10^C. 

10 

15J 

± 1 



20 

IG 

± 1 



30 

IG) 

± i 



40 

17 

i 

tiO 

1701 

r^o 

18 

± \ 

82 

2324 

GO 

11> 

± i 

104 

2048 

70 

20 

± \ 

12G 

3572 

SO 

21 

± i 

148 


00 

22 

± 1 

170 


100 

23 

: i 

102 

5443 

1)0 

21 

± 1 , 


0007 


25 



GGOl 


2G 


258 

7314 


28 

±5 




34 

±8 



■ 

40 

±\2 


*••••• 


Equivalent Ghades 


Peter 

Cooper 

Doguc 

Nnt'l Aflsn. of Glue Mnfrs. 

Grade 

No. 

Grade No. 

1 

Grade No. 

Jelly 
Strength 
in (p’amt 

on Bloom 
Gclomcter 

ViaeoB* 

ity 

in 5it7fi- 
poUes 



1 

10 or over 

20 


1 

2 

27 

•« 

24 

2 

2 

3 

47 

«» 

28 

li 

3 

4 

70 

(« 

32 

11 

4 

5 

05 

*' 

37 

11 

5 


122 

• 1 

42 

11 

0 

7 

150 

» 1 

47 

11 

«« 

4 

8 

178 

41 

53 

11 

s 

9 

207 

• • 

GO 

1 + 

9 

10 

237 

(« 

07 

1 

1 

10 

11 

2G7 

« • 

75 

1 

1 extra' 

11 

12 

290 

» « 

83 

A extra 

12 

13 

331 


92 

1 


14 

3G3 

«• 

102 

• • ^ ^ • i 


15 

395 

*1 

113 



IG 

428 

M 

125 


■mull 

17 

4G1 

«• 

138 



IS 

495 

*1 

152 



19 

530 

M 

167 



20 

5G5 

( • 

183 



21 

GOO 

M 

200 


The weight of the brass cup plus the weight of the added shot gives 
a figure which expresses the jelly strength. 

The jellies are cast in brass cups 6 cm. high, 5.5 cm. in diameter at the 
open top, and 5 cm. at the bottom, which is closed with a tight-fitting 
external friction cap. The jellies are removed by dipping the cups for 
an instant in hot water, taking care that no material loss results. The 
liberated truncated cones should be 4.5 cm. high, the cups being filled only 
to that level. They are placed in a thermostat until they reach the 
required temperature, 10® C. 

Thin blown glasses about 8 to 8.5 cm. high and 5.5 cm. in diameter are 
convenient for tests. Twenty-five grams of each glue to be tested is broken 
into small pieces and soaked in 100 c.c. of water until softened; and at 
the same time a number of standard glues, above referred to, are treated 
in like manner. All the glasses are at the same time placed in a water-bath, 
heated to 80® C., and stirred imtil a perfect solution is obtained. More 
or less than 25 grams per 100 c.c. can be used as long as the standards and 
unknown glues are all treated alike. The reaction is determined with 
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litmus paper or other indicators {/>H). In cases where the degree of 
acidity or alkalinity is desired, a separate titration is made. 

Viscosity or Running Test.—Keeping tlie temperature uniform, the 
viscosity is determined by running the hot solution from a pipette, noting 
the time of efflux by a stop-wtitch. The relative viscosities are thus 
fixed in seconds. After each determination, the pipette is washed with 
hot water, and care must be taken that no partially evaporated glue or 
slime clogs the outlet. While nmning, the pipette should be kept in a 
specially constructed thennostat. More complicated viscosimeters, as 
Engler's or the Kideal-Slotte instniment, may, of course, be used. 

The odor of tlie hot solution is then noted and the glue rated as sweet 
or "off." Decomposition is rea<iily <l<rtcctcd, although it is sometimes 
mtisked by phenol or ethereal oils. Besides, the odor gives some indication 
of the stock from which the glue was made. 

Grease. The glue solution is painted on a piece of white paper with 
a little aniline or dry color, and spots of “eyes" appear roughly propor¬ 
tionate to the amount of grease present. 

Foam. This is determined by agitating the solution with a rod or 
mechanical agitator. An egg-beater serves very well. Like grease, foam 

is estimated on a comparative bases. 

Comparative Set. The glues are taken from the bath, allowed to cool, 
and the comparative set or speed with which the jellies harden is noticed. 

Jelly Strength or “ Test.” When the jellies have reached the room 
temperature, the jcUy strength or “ test ” is determined. For speed and 
perhaps also accuracy, we prefer the “finger test,” and grade the jellies 
comparatively by pressure with the finger tips, the unknown glues natu¬ 
rally grouping themselves as stronger or weaker in jolly than the several 
standards. Notwithstanding the personal equation, expert operators 
obUin more uniform resulU in this way thari are given by some mechanical 
devices. Speed and time of chilling affect jelly strength. 

Melting-point. The melting-point of the jelly as described by R. 
Kissling (CAem. Zeilung, 1901, 25, 264) is also of considerable value, for 
generally speaking it is proportionate to the jelly strength. It may be 
determined by the simple apparatus described by N. Chercheffsky (CAcm. 

Zeilung, 1901, 25, 413). . . r 

Strictly speaking, a glue jelly has no absolute meltmg-pomt, for it 

softens up gradually and shows no sharp line of dcmarkation between 

solid and liquid. .... 

Absorption Test. Schattmann {Dingier's Polyt. Joum., 1845, p. 115) 

proposed, as a means of valuation, to determine the percentage of water 

a glue will absorb under fixed conditions. 

Binding or Adhesive Strength. For this there is no one test that can 

have a general appHcation; the glue must be tried under actual working 
conditions. It stands to reason that if a glue is to be used to hold clay 
to paper, it is of smaU interest what its binding strength is on mahogany, 
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maple or porcelain blocks. Very often, in fact, a glue that will size paper 
perfectly will not make a good joint. 

Official Tests. The National Association of Glue Manufacturers have 
a Technical Division, which has established standard test methods. They 
have decided on the following procedure: 

Conccniration of test solutions, 12 per cent, i.e., 1 part by weight of glue 
to 7 of w'ater. 

Soak at 10-15® C. until soft (about 12 hours or overnight). 

Melt at 62® C. within 15 minutes. 

Take viscosity at 60® C. with a special pipette, calibrated so that its 
readings may be converted by a curve or table, into millipoises. The 
highest grades of commerical glue range from 200 to 220 millipoises and 
the lowest grades from 30 to 35 millipoises. 

Jelly strength is taken with the Bloom Gelometer, an automatic machine 
measuring the weight in grams required to depress a plunger whose di¬ 
ameter is 12.7 mm. (5 in.) to a depth of 4 mm. into a 12.5 per cent 
solution chilled for 16 hours to a temperature of 10 degrees 0 . 001 , 
The highest grades of glue take 440 to 460 grams, the lowest grades. 
30 to 40 grams. For details, see J. Ind. Eng. Chem., Vol. 16, p. 310 (1924). 

Keeping Properties. The glasses are then allowed to stand uncovered 
at room temperature for several days to observe relative keeping qualities 
of the jellies, by noting relative growth of mold, odors of decomposition, etc. 
If the keeping property under special conditions is desired, these conditions 
are simulated. 

As before suggested, these test figures must be read in the light of 
experience, and no one of them is sufficient to determine the value of a 
glue. The only test that can be accepted as conclusive is a practical 
trial of the glue under actual working conditions, which vary in each case. 

Uses. Glue is used for a multitude of purposes. Each line of work 
has its special requirements, and years of experience are necessary to pick 
out the right glue for the work. Trouble may be caused by a glue that 
is too strong as well as by one that is too weak. Although in using glue 
the most important thing is the selection of the right glue for the work, 
much depends upon its proper preparation and application. If anything 
that is glued up comes apart, the immediate verdict is “bad glue,” which 
is often unjustifiable, for poor judgment or unskilled workmanship or 
working conditions may be responsible. 

In preparing glue for use the following points should be observed: 

1. Use definite weights of glue and water. Glue is sold by the pound 
and should be used by the pound. 2. Soak the glue in cold water until 
it has thoroughly softened. Ground glue softens more quickly than 
sheet or fiake glue, and is therefore preferable, other things being equal. 
3. Melt in a water or steam bath, and keep at as low a temperature as 
is consistent with the work. Prolonged heating injures glue, so that it 
is advisable to heat up successive small lots of the soaked-up material, 
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rather than have a large lot remain heated for a long time. 4. Make good 
evaporation from the glue-pot by the addition of water if necejiSiirj'. 
5. Use clean utensils. 6. Fit the strength of the solution to the work— 
don’t use the glue too thick or too thin. 7. If surfaces are to be joined, 
adjust the kind of glue, viscosity, and temperature to the actual working 
conditions. This is, if the glue solution is thin, and the temperature of 
the room and, or, the wood high, the glue will be absorbed by the wood, 
leaving a “starved” joint. Proper pressure, until set and drjing of the 
glue is essential (about 500 to 1000 lbs. pressure to the square inch). 

Glues for particular purposes should be chosen as follows; 

WoodJoints. Alost preferable arc hide glues from grade 70 up. Lower 
test hide glues may give trouble; although satisfactory joints can be 
made with low test, as well as with higher test glues, becau.se of the sim¬ 
ilarity of the shear test of both. While some bone glues answer a<liiurably, 
in general they should be given a thorough practical teat before adoption. 
The pieces to be joined should be thoroughly fitted, dry, and of sejisoned 
wood. 

Veneers. Most advantageous is a bone and hide, or bone and sinew 
mixture, testing between grades 50 and 70. Higher test glues are apt 
to set too quickly. Under most conditions, hide or sinew glue is better, 
but more expensive, while, for cheap large surface work, bone glue 
may be used. If worked on a veneering machine, freedom from foam is 
essential. 

Sizing. As most sizing is done with special machinery, each case must 
be considered individually. Generally a free-flowing glue, free from foam, 
is required. If used to surface paper, grease is undesirable, as is any 
marked acidity or alkalinity which might turn the shade of the colors with 
which the size may be mixed. Liglit color is usually desirable. 

Paper Boxes. For “setting up,” quick-setting hide glues, grades 
70 to 90 are best. For “covering,” lower test is necessary to prevent 
the glue setting too quickly; bone glues, testing grades 40 to 60, are 
most desirable. Of course, to the relatively higher test glues more water 
can be added; consequently they go further, and it is only a matter of 
proportion between strength and cost to determine the value. Too strong 
a glue takes up so much water that the paper curls. 

Leather Goods and BeUing. Here the main points are flexibility, 
tenacity, and resistance to moisture. Nothing under grade 100 should 
be used, and higher test goods are to be recommended, because they arc 
less sensible to moisture, and interpose less mass between the surfa<^ 
joined. Fish glue, once largely used, is in disfavor, being too hydroscopic. 
Most leather-belt manufacturers make their own special “cement,” 
using high-grade glue or gelatine as a base, and mixing it with glycerine 

formaldehyde and other ingredients. 

Bookbinding. For rounding and backing, hide glues testing between 
grades 80 and 100 serve very well. If low-test or bone glues are used, 
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the books arc apt to crack clown the back. simple pasting work 

is to be done, any sweet low-grade glue will answer, though where speed 
of adhesion is not important, flour or starch pastes are used. 

In all ca.ses especial machinery demands glue suited to its particular 
requirements, and to the working conditions and products. 

Gelatine made from selected clean stock under sanitary conditions, 
and free from objectionable chemicals, and no others should be sold as 
gelatine to be used for food purposes. Gelatine is a very valuable 
addition to the dietary, as the use of “calves’ foot-jelly” * for invalids 
would indicate, for it facilitates digestion and conserves the body’s nitrogen, 
acting as a protein sparer. Being a typical reversible colloid, it is used 
in small quantity in marshmallow confectionery to facilitate the incorpora¬ 
tion of air and to inhibit the crystallization of the sucrose; and in ice 
cream, besides inhibiting grainy crystallization of water and lactose, it 
inhibits the curding of the casein (an irreversible colloid) thus enhancing 
the digestibility of both the casein and milk fat. It has in fact been 
recommended as an addition to infants’ milk.^ 
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CASEIN 
E. L. TAGUE 

Associate Professor of Chemislry, Kansas Slate Agricultural College, Manhattan, Kansas 

Definition. Casein is a very complex nitrogenous substance found in 
the milk of all mammals. It belongs to that great family of organic com¬ 
pounds called proteins. A similar substance is found in the juices and 
seeds of certain plants, but it is not identical with casein. In the modified 
form of cheese, casein from the milk of cows, goats and other domestic 
animals has been used as a food from the earliest times, but its chemical 
composition and manifold uses in the technical world were not known until 
recent years. 

Nomenclature. There is considerable confusion in the literature in 
regard to the nomenclature of the substance obtained from milk by acids 
(American casein) and that obtained by the action of rennet (American 
paracasein). The equivalent expressions as used by the American, Eng¬ 
lish and French chemists are indicated schematically as follows: 

American English Old French 

Casein ^ Caseinogen ^ Cascanic acid 

Paracasein ^ Casein Cascogen 

In a very impure condition casein is called sinearcasc (schmierkiise), 
cottage cheese or milk curds. 

Classification. Since casein contains phosphorus organically com¬ 
bined, it is classed as a phospho-protein, a sub-group of the conjugated 
proteins. Formerly it was called a nucleoprotein, but recently this has 
been found incorrect. 

Occurrence. Casein, except for the water content, is the principal con¬ 
stituent of the milk of all mammals. The percentages differ considerably 
with the species, with the breed and with the period of lactation. The 
following are the averages in per cents: woman, 0.80; cow, 3.50; ass, 
0.79; sheep, 4.17; goat, 2.87; mare, 1.30. 

Condition of Casein in ^filk. Casein exists in milk in the form of a 
colloidal suspension or emulsion, not in the free state, but in combination 
with calcium. Hammarsten, who first investigated this substance, 
called it calcium caseinogenate. He used the term caseinogen for the 
protein complex as it existed naturally in milk and casein for the precipi- 

1445 



1-146 


INDUSTRIAL CHEMISTRY 


tatcd or coagulated substance. Later investigations (Van Slyke and 
Bosworth) have shown that casein exists in milk as the neutral calcium salt. 

Investigations by the ultramicroscope have shown that the fat globule 
of milk is surrounded by a membrane filled with innumerable particles of 
calcium caseinate in suspension. These, together with the calcium phos¬ 
phate, emulsify the fat globule. 

Preparation of Pure Casein. The preparation of pure casein is car¬ 
ried out as follows: first, fresh sweet milk is passed through a centrifugal 
cream separator several times in order to remove the larger part of the 
butterfat. A very small amount of very dilute alkali, e.g., NaOH, is 
then added to the milk and the mixture centrifuged several times again. 
This procedure removes practically all the fat. Then a normal solution 
of lactic acid or a mixture of normal HCl to 1-2 parts of normal acetic 
acid is carefully added to the milk, with constant stirring, until the mix¬ 
ture is distinctly acid to litmus. The resulting curd is filtered off, washed 
thoroughly with distilled water, redissolved in dilute alkali and repre- 
cipitatcd with dilute acids as before. This is repeated until the product 
is as free as possible from ash. About four times is ordinarily sufficient. 
The final precipitate is then dried at a low temperature. 

Chemistry. Composition and Structure. The casein molecule is com¬ 
posed of six elements: carbon, 52.96 per cent; hydrogen, 7.04 per cent; 
nitrogen, 15.6 per cent; oxygen, 22.78 per cent; sulphur, 0.80 per cent; 
phosphonis, 0.62 per cent. The above per cents must be considered as 
averages. Hammarsten gives the following formula for casein, viz.: 
C 172 H 274 N 44 SPO 65 . The inner grouping of these elements is still 
unknown. 

The casein molecule is a complex system of conjugated amino acids 
( —NH 2 RCOOH, where R is a hydrocarbon residue). Two or more 
amino acids can unite and form larger aggregates, which can unite in turn 
and form still larger aggregates. This builefing-up continues until the 
casein molecule is formed. The amino group (—NH 2 ) of one acid or 
aggregate can unite with the carboxyl group of another with the elimina¬ 
tion of a molecule of water and form a larger complex, thus: 

NH 2 RCOOH + NH 2 RCOOH = NH 2 RCONHRCOOH + H 2 O. 

The resulting substance can then imite in the same way with a larger 
complex or another amino acid. 

Properties. Casein is a perfectly white, ashless, odorless and tasteless 
solid. Ordinarily it is obtained in the form of a friable powder, but under 
certain conditions it con be made in glassy transparent grains. It has 
not been crystallized and in a dry condition is quite hygroscopic. Its 
specific gravity is 1.259. Decomposition and loss in weight occur when 
it is heated to 90® to 100® C. Pure casein is not coagulated by heat. It 
is an amphoteric compound, acting as a base by virtue of its — NHa 
groups and as an acid by virtue of its — COOH groups. 
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The equivalent weight of casein is somewhat different depending on 
whether it acts as a base or as an acid. One gram of pure ciisein unites 
with about 7.0 cc. of 0.1 nonnal HCl, HBr, HI, H 0 SO 4 , iis well us tartaric, 
oxalic or phosphoric acids. On the other hand, 1 gram of casein unites 
with about 9.0 cc. of 0.1 normal alkali. Thus its equivalent weight as a 
base is about 1428.5 and as an acid 1111. The combining power of casein, 
both as an acid and as a base, increases with an increase in temperature. 

The molecular weight of casein is uncertain. Results varying from 
5000 to 90,000 have been reported by different investigators. The mjixi- 
miim valency of casein is eight. 

The iso-electric point of casein is pH 4.6. The heat of combustion 
of 1 gram of casein is 5.858 calories. It gives all the protein color reac¬ 
tions, such as the biuret, xanthroproteic, Hopkins-Cole, etc. 

The acid characteristics of casein predominate. It is at least a tetra- 
basic acid, is able to displace CO 2 from calcium carbonate and to turn 
litmus red. 

Solubility and Salts. Casein is readily soluble in dilute aqueous solu¬ 
tions of the caustic alkalies, the normal and acid carbonates of the alkalies 
and alkaline earths and in dilute acids. It is very easily broken down 
into simpler compounds (hydrolysis) if the above solvents are used in 
excess. It is very slightly soluble in aqueous solutions of neutral salts. 

Salts of casein with the following bases have been prepared; Ca, Na, 
K, Mg, Ca, Hg, Mg, Fe. The salts of the alkali bases can be prepared 
as dry powders by evaporation of their solutions. All soluble salts of 
casein can be rendered insoluble by treatment with formaldehyde, with 
soluble chromates and subsequent exposure to light, or with hexamethylene¬ 
tetramine. In the dry or moist condition casein is very susceptible to 
high temperatures. Its solutions are not coagulated by heat, are levoro- 
tatory to polarized light, and those of the alkalies can be boiled without 
alteration. When solutions of casein with the alkaline earths are heated 
above 40® C. a precipitate is formed. This phenomenon is not one of 
coagulation in the strictest sense, but is due to the formation of an insoluble 
salt of the base. The liquid at the same time becomes more alkaline. 

Casein forms salts with acids, but since these are very soluble in water 
they have never been isolated and little is knowm about them. 

Precipitability. Casein can be precipitated from milk or from its 
solutions in aqueous alkalies or alkaline earths by the addition of acids 
in slight excess. This is the only means of obtaining it in the free state. 
There are certain other precipitants, but in this case the casein is obtained 
in a modified form, either in combination with the precipitant or as the 
original calcium caseinate. Solutions of salts of the heavy metals precipitate 
the corresponding salt of casein with that metal. Saturation with neutral 
salts or alcohol gives a precipitate of calcium caseinate while anilin dye¬ 
stuffs or alkaloids form complex compounds. These precipitants are not 
used except in cases where that particular compound is desired as the 
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end product. Certain enzymes precipitate casein from milk, but the 
product is still further modified, often with a partial cleavage of the 
casein molecule. 

The addition of dilute acids to milk decomposes the calcium caseinate 
with the formation of the calcium salt of the acid and the precipitation of 
free casein. There is considerable evidence, however, that the casein 
salt of the acid is first formed, then this is broken down into free casein 
by the water present. 

The action of enzjTnes is more complicated. Rennin, obtained from the 
gastric mucosa of certain animals, precipitates cheese which is not free 
casein, but the calcium salt of a cleavage product of the casein molecule, 
called paracasein. Van Slyke and Bosworth have shown that rennin 
splits casein into two molecules of paracasein which unite with the cal¬ 
cium present and forms a precipitate of calcium paracaseinate. Formerly 
the presence of soluble lime salts was considered necessary for the action 
of rennin. Ordinarily these salts occur in sufficient quantities in milk. 
Van Slyke and Bosworth claim that the presence of soluble lime salts is 
not essential to the action of rennin, but that the whole phenomenon of 
coagulation hinges on the fact that the alkali salts of paracasein are soluble 
in water while the alkali earth salts are not. 

Hydrolysis. When casein is boiled for several hours (12 to 18) with 
strong acids or alkalies, or digested by enzymes for several days at about 
40® C., it is decomposed into simpler compounds. This decomposition 
occurs in stages. At first primary decomposition compounds are formed, 
but finally the constituent amino acids. The course of hydrol 3 ^is is as 
follows, each substance being simpler in composition than the one preced¬ 
ing it; Casein proteoses —♦ peptones —* peptides —♦ amino acids. This 
breaking-down process is the opposite of the building-up process mentioned 
before, in that it consists of the addition of a molecule of water with the 
consequent splitting of the larger complex into smaller fragments, thus: 

NH 2 RCONHRCOOH + H 2 O = NH 2 RCOOH + NH 2 RCOOH 

The reagents most commonly used for the hydrolysis of casein are 
concentrated HCl, 20 per cent H2SO4, saturated Ba(OH)2, 30 per cent 
NaOH or KOH, pepsin, trypsin. If the intermediate products, e.g., 
proteoses, peptones, etc., are desired the enzymes are the most suitable; 
if the end products, i.e., amino acids, are wanted, acids or alkalies are 
the best to use. The separation of the products of hydrolysis is very 
complicated and a description of the methods is beyond the scope of this 
article. For detailed methods the literature should be consulted. 

The complete hydrolysis of casein has given the following amino 
acids, the percentages being enclosed in brackets; Alanin (0.9); valin 
(1.0); leucin (1.05); phenylalanin (3.2); tyrosin (4.5); serin (0.23); 
cystin (0,06); pxolin (3.1); oxyprolin (0.25); aspartic acid (1.2); glu- 
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tamic acid (11.0); tryptophane (l-o); arginin (4.84); b'sin (5.80); his- 
tidin (2.59); diaininothhydroxydodccanoic acid (0.75). 

Preparation and Uses of Technical Casein. There arc two kind.s of 
technical casein on the market, (a) acid casein, (6) rennet casein. Acid 
casein consists of free casein while rennet casein is calcium paracaseinate. 
During the World War the grain-curd process for making acid casein was 
developed. This rneJhod is used for making the U‘tter grades. 

Common Method for Making Acid Casein. One of the principal 
requirements of technical casein is freedom from fats. To this end sweet 
milk is put through a centrifugal cream separator and then 4 to 6 per cent 
of caustic alkali in solution in water (or better 10 per cent of sodium bicar¬ 
bonate) is added. The amount of alkali is based on the casein content 
of the milk. The solution is slightly warmed and put through the sepa¬ 
rator several limes again. This procedure removes practically all the 
fats. The milk is then run into a vat and dilute sulphuric or hydro¬ 
chloric acid is added by degrees and the mixture constantly stirred. 
Small portions are taken out from time to time and tested until precipita¬ 
tion is complete. After precipitation the curd is allowed to settle and the 
supernatant liquid siphoned off. The curd is stirred up with cohi water, 
allowed to settle again and the water siphoned off as before. This is 
repeated until the effluent water is perfectly clear and neutral. The 
curd is then placed on a cheesecloth filter, or on sloping tables and allowed 
to drain. Next it is put into strong cloths and pressed in an ordinary 
cheese press until no more water comes out. The ctird must then be 
dried, and in order to facilitate the process it is necessary to break it into 
small pieces. This is done by a curd mill in which the curd passes between 
toothed rollers. Since casein is very susceptible to heat it must be dried 
at a low temperature. This is accomplished in several ways. One of 
the beat methods is by means of a vacuum drier, which consists of a steel 
vacuum chamber with rubber-shod doors. The requisite temperature is 
obtained by means of a coil of pipe filled with hot water or steam and 
placed around the inside chamber. The well-pressed casein is placed 
on trays made by stretching cheesecloth over wooden frames. These 
trays fit into grooves on the inside of the vacuum chamber. 

In some factories the fine curd is dried by feeding it into a revolving 
drum which is enclosed in another stationary one. The space between 
the two drums is filled with hot water. The entire apparatus is set on an 
incline so that the curd which is fed in at the upper end will pass through 
the drum as it revolves and finally emerge in a well-dried condition at the 
other end. Aiter being placed in sacks or barrels the dried casein is ready 
for shipment. 

Well-dried casein will keep indefinitely if properly protected from 
moisture. Since some of the bacteria from the milk must inevitably find 
their way into the casein, or outside bacteria contaminate it, the least 
amount of moisture will start decomposition. Some manufacturers sprinkle 
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a small amount of alcohol into each container, if a tight one. The alcohol 
vaporizes gradually and inhibits the growth of bacteria. 

Grain-curd Method for the Preparation of Casein. For the better grades 
of casein it is necessary to add acid to the milk untO the iso-electric 
point of casein is reached. This point is at pH 4.6. At this hydrogen- 
ion concentration the casein precipitates completely in a very compact, 
granular form. 

In the grain-curd method the fat is removed from the milk in exactly 
the same way as in the method described above. The temperature of 
the milk during precipitation should be about 34° C., and the acid should 
be added with moderate rapidity and with constant stirring. From time 
to time portions of the milk are taken out and tested with methyl red 
indicator. Dilute hydrochloric acid is the best acid to use. The acid 
should be added until 10 cc. of the filtered whey and five drops of the 
indicator gives a pink reddish color. The tint should always be matched 
against a standard solution with the same indicator.^ The wash water 
also must be brought to pH 4.6 by means of HCl. The curd is then 
washed with this acidified wash water and then treated in just the same 
way as indicated above. 

Rennin Method for the Preparation of Casein. The fat is removed 
from the sweet milk in the same way as in the first method. Care must 
be taken to avoid an excess of alkali or alkali bicarbonate since an alkaline 
reaction delays the action of the rennin. After removal of the fat, the 
milk is nin into the precipitating vat. The requisite amount of the 
rennin preparation is dissolved in a little water and this solution added 
to the milk. Generally a 2.5 to 5 per cent solution of rennin is made up 
and added to the milk at the rate of 5 to 20 cc. per gallon of milk. The 
amount of rennin must be just sufficient completely to curdle the milk in 
25 to 30 minutes. An excess of rennin must be avoided. The rennin 
solution is well mixed with the milk and the temperature of the contents 
of the vat raised to 40° C. and maintained at this temperature during the 
entire precipitation period. As soon as the curd separates in large clots 
and settles to the bottom of the vat, leaving the supernatant liquid clear 
or nearly so, the mixture is heated nearly to boiling to destroy the rennin. 
Next the whey is drained off as completely as possible and the curd in the 
vat nearly covered with pure water. The curd is allowed to settle and the 
whey drained off as before. This washing is repeated two or three times, a 
somewhat larger volume of water being used each time. Finally the 
curd is thrown on the draining table, drained, pressed and dried, exactly 
as described in the first method. 

For making plastics, etc., rennin casein is much better than acid 
casein. 

Casein from Buttermilk. Of late years numerous attempts have been 

^For the preparation of the indicator and the standard buffer solutions, see Clark and 
Lubs, Jour. Bact., 2 (1917), 1, 109, 191.- 
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made to utilize the casein from buttermilk. At the present time a larRo 
amount of such casein is on the market. It has been found, however, 
that the souring of milk has a decomposing action on the casein. Hydrol- 
sis occurs to a certain c.xtent, considerable ammonia is given off and 
concurrent oxi<lation takes place. T.he casein residue becomes less soluble, 
yellow in color and loses considenible of its adhesive cluiracter. This 
renders it unfit for the more important technical uses. In addition, it 
is almost impossible to remove the last traces of butterfat from it which 
fact alone prevents its use in processes where the other defects are not 
so objectionable. 

To obtain casein from this source, the buttermilk is heated, the coagu¬ 
lated curd filtered off and then treated in exactly the same manner as 
sweet milk casein. Owing to the finely divided character of this casein, 
considerable difficulty is experienced in separating it from the whey. It 
is also liable to spoil before drjdng is complete. 

Examination and Analysis of Technical Casein. In addition to the 
content of pure casein, the physical properties of the product such as fine¬ 
ness of powder, solubility, color, and condition (sweet or sour) arc of 
considerable importance. An average ana^’sis of a good grade of tech¬ 
nical casein is jis follows: Water 9.23 per cent; casein, 85.50 per cent; 
fat, 0.85 per cent; ash, 4.07 per cent; nitrogen, 13.G to 14.0 per cent. 

Moisture is determined l>y weighing out 5 grams of casein into a nickel 
dish and heating it in an oven at 100® to 105® C. to constant weight. One 
to two hours heating should bo sufficient. 

Nitrogen is determined by the Kjcldahl method. One-half gram of 
casein is digested with 25 cc. of concentrated sulphuric acid and 5 grains 
of anhydrous potassium sulphate. A small piece of pure copper wire 
(ono-fourth gram) is added as a catalyzer. The ammonia is distilled into 
25 cc. of half-normal sulphuric acid and the excess acid titrated back with 
half-normal sodium hydroxide. Methyl red is used as indicator. Casein 
is computed by multiplying the percentage of nitrogen by the factor 
6.38. 

Ash is determined by burning 2 grams of finely ground casein in a 
weighed platinum dish. The residue is dissolved in water and a small 
amount of a solution of ammonium nitrate is added. The mixture is 
evaporated to diyncss on a water bath and then the dish and contents 
heated to low redness, cooled in a desiccator and weighed. 

Free acid is determined by shaking 10 grams of casein with 100 cc. of 
distilled, COa-free water. It is allowed to stand several minutes and 
then filtered; 50 cc. of the filtrate are titrated with dccinormal sodium 
hydroxide solution, using phenolphthalcin as indicator. 

Solubility is determined by weighing 10 grams of air-dried casein in a 
beaker and pouring over the casein 50 cc. of water containing 2 cc. of 
33 per cent ammonia. It is then heated to 60® C. and allow’cd to stand 
one hour with frequeut QtUriDg* Pure casein should dissolve completely. 
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Technical Applications of Casein. The colloidal character of casein 
renders it especially useful as an adhesive. The true solutions of casein 
are not colloidal, and consequently are neither adhesive nor viscous. To 
attain this end the amount of the alkali used must not be quite sufficient 
to dissolve the casein, i.c., to make a true solution. In this case the entire 
casein in;iss is rendered extremely colloidal. 

Preparation and Application. Dried casein is soaked in an equal 
weight of water for two hours. The casein swells up but does not dissolve. 
At the end of this time 14 per cent of borax in a hot saturated solution is 
added and the mixture stirred continuously until solution is complete. 
A thick mucilaginous dough results which can be thinned down to any 
desired consistency with hot water. Sodium bicarbonate, sodium tungs¬ 
tate, ammonia or the caustic alkalies can be used in place of borax. Sodium 
silicate and lime are best when a cement for porcelain, metals or stoneware 
is desired. A small amount of camphor will effectually prevent the 
ravages of insects. The above formula is for casein-alkali glues. These 
glues are excellent for all purposes where heat and moisture-resisting 
qualities are of lesser importance. This class of glues is characterized by 
its short life (15 to 45 minutes). The life of a glue is the period of time 
between the preparation of the glue and the point where it becomes too 
thick to spread evenly. 

4 

Casein-lime-silicate glues are characterized by their heat and moisture 
resisting qualities and their long life (8 to 24 hours). 

Preparation. (1) One hundred parts of finely ground casein are mixed 
with 130 to 280 parts of water and allowed to stand for 15 minutes. 

(2) Fifteen to twenty-two parts of hydrated lime are mixed with 90 
parts of water. 

(3) Mixtures 1 and 2 are thoroughly incorporated in a mixing machine 
with the simultaneous addition of 70 parts of sodium silicate. 

These glues are put on the market in two forms, first in a dissolved 
condition ready for use, second, as a dry powder in which the requisite 
amount of casein and alkali are ready mixed. In the latter case it is only 
necessary to add hot water to the powder, stir until dissolved and then 
thin down to the desired consistency with hot water. In the woodworking 
and cardboard industries the casein glues are superior to the ordinary 
adhesives. They are inodorous and gradually harden and become insol¬ 
uble. Bottle labels and the like when moistened with formaldehyde, 
dried and coated with casein will effectually re.sist moisture. If a putty 
is desired it is only necessary to add powdered lime and knead until a 
thick dough is secured. This hardens very quickly and serves all the 
purposes of putty. 

Casein in the Paper Industry. The paper industry offers an ever- 
widening field for the uses of casein. The utility of paper itself and all 
the substances made from it, or wood pulp, owe their increased utility to 
some of the peculiar qualities imparted to them through the medium of 
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casein solutions. Cardboard, paper flasks, buckets, bags and wrapping 
paper can be made waterproof by impregnating them with casein solutions 
and subsequently e.xposing them to formaldehyde vapors. Paper hot- 
ties can be made sterile and impervious to moisture, milk and oils, and 
other liquids by the same process. Wallpaper can bo made antiseptic. 
Paper slates and drawing paper can be made erasable by coating them 
with casein solution to which finely divided magnesia or lime has been 
added. The sizing or enameling of paper in this manner has reached 
remarkable proportions. In this industr}- casein glue is used as a binder 
and as a fixing agent for the colors. 


Preparation and Application. Bora.x or soda casein is diluted to the 
right consistency with hot water and finely powdered china clay, kaolin 
or chalk, together with the desired coloring matter, is added. This mixture 
is thoroughly incorporated together aryi placed in a vat. The paper to 
be coated is made to pass in endlessly through the vat and a small amount 
of this prepared mixture is transferred to the paper by a fine brush. The 
sheets are then passed between other bru.shes which scrub the coating 
into the interstices of the paper and at the same time remove anj’^ excess. 
Next the paper passes through a drjdng chamber, where it is partially 
dried, and at last between heated rollers, which press the coating into a 
hard smooth finish. 


Casein Paints. Casein combines with certain substances to form 
agglutinant compounds which are very stable and extremely resistant to 
moisture and other atmospheric changes. They all become more or less 
insoluble on exposure to air. In addition it forms compounds with color¬ 
ing pigments, anilin dyestuffs and certain substances used for substrates. 
These properties render a solution of casein mixed with coloring matters 
especially useful as a paint or varnish, in which the alkali solution of ciisein 
takes the place of linseed oil. Both basic and acid dyestuffs can be pre¬ 
cipitated on any substratum by casein. Paintings executed on canvas 
with casein colors will resist atmospheric changes for years. They show 
remarkable brightness of colors and a splendid velvety sheen. They can 
be rendered waterproof by formaldehyde and are easily cleaned. 

These paints are generally used as a thin liquid or paste in which the 


casein exists in a partially dissociated condition. They are similar to 
water-color paints in that they dry very quickly and without gloss. The 
surfaces to be painted do not need any special preparation, although all 
previous applications of oil paints must be removed. 

Preparation and Applicedion. Casein paints consist of an alkaline 
solution of casein together with a suitable filler and color pigment. The 
binding medium is made by dissolving casein in an aqueous solution of 


caustic soda, borax, sodium bicarbonate, ammonia or sodium silicate. 
A small amount of an aqueous solution of soap, wax or resin is sometimes 
added in order to protect the fine particles of coloring matter from atmos¬ 
pheric influences, and a few cubic centimeters of formaldehyde or phenol 
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to prevent the growth of molds and bacteria. For frescoing and inside 
oniarnental work kaolin, china clay, lime or powdered feldspar is added 
as a filler and to giv’e bulk and covering power. For artists’ canvas the 
dissociated casein is emulsified by oils or fats so that the natural color 
of the pigment will not be altered by the binding medium. The addition 
of glaSvS flu-xes and metallic oxides produces an enamel-like finish, and 
avsbestos or diatomaceous earth gives a fireproof coating. For outside 
work on buildings, etc., the media must be incorporated with quicklime or 
cement, both of which form insoluble compounds with casein upon 
drying. 

The next step is to mix one of the above media with the desired pig¬ 
ment. It is absolutely necessary that the pigment be indifferent to the 
alkali used. The pigments most suitable for white are baryta, white lead, 
china clay, lithopone or zinc white; for red, carmine, India red, or ver¬ 
milion; for yellow, cadmium yellow, Naples yellow, or yellow ocher; 
for black, ivory black, or lampblack; for blue, cobalt blue, indigo, or 
ultramarine; for green, chrome green, cobalt green, or emerald green. 

The proportions of binding medium and filler vary according to the 
nature of the work. When these paints are intended for shipment and 
use at a distance, the above ingredients, in a dry condition, are mixed 
together in the proper proportions, ground to a fine powder in a paint 
mill, and packed in tight containers. The mixture will keep indefinitely 
if protected from air and moisture. It is made ready for use by adding 
50 parts of water to every 100 parts of the powder and allowing it to 
stand for some time. The alkali dissolves in the water and in turn acts 
as a solvent for the casein. The mixture is then thoroughly incorporated 
by repeated stirring and finally thinned down to the required consistency 
with hot water. The paint is then ready for use, and can be applied in 
the same way as oil paints, the only necessary precaution being to keep 
the mixture thoroughly stirred. These paints will adhere to almost any 
surface and will set very hard in a short time. 

Plastic Masses from Casein. Casein is analogous to other substances 
having strong adhesive qualities in that a great variety of plastic masses 
can be made from it; either alone, in the form of a fine powder, or in an 
alkaline solution together with admixtures of other substances, such as 
paper, bone dust, powdered stone, etc. These mixtures possess the prop¬ 
erty of becoming veiy plastic under the influence of heat and in this condi¬ 
tion they can be kneaded, rolled, pressed, or molded into any desired shape. 
They diy very quickly, are non- infl a m mable and do not ah rink on drying, 
provided an excess of water is avoided in the process of mixing. Any 
desired color can be added, or transparent, homy masses can be obtained. 
Articles made from these mixtures can be turned in a lathe, or shaped 
by any other cutting tool, and when finished take a fine polish. A 

Preparation and Application. If casein is used alone it is preferable 
to use the moist curd. This is heated to 176® F. and kneaded until a 
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homogenous mass is secured. It is then pressed or molded into the 
desired shape and ver>' carefully dried. If it is desired to incorporate 
other substances, the alkali solutions of casein are preferable. In this 
case it is necessary partially to precipitate the casein with acids in order 
to secure the maximum plasticity. Other substances, such as powdered 
feldspar and pigments, are added and the mass treated as in the case of 
the moist curd. Plates or ornamental designs of the above are used for 
paneling or inside decorations. For chessman, toys, etc., the addition 
of strontium hydroxide and powdered marble give articles of c.vceptional 
hardness and durability. 

In Germany great progress has been made in the manufacture of articles 
from an admixture of casein and celluloid, or casein and cellulose or 
nitrocellulose. For this purpose casein and nitrocellulose arc dissolved 
separately in acetic acid and then mixed together and carefully evaporated. 
The inflammabilty of celluloid itself can be diminished by the incorporation 
of a small amount of casein with it. 

The greatest achievement along this line, however, is galalith, a sub¬ 
stance made from casein, either in an alkaline solution or in a dry powdered 
state. This is rendered colloidal by a small amount of acids or salts 
and after kneading to a homogenous mass and molding, it is very care¬ 
fully dried and rendered insoluble by formaldehyde. It is harder than 
celluloid, a non-conductor of electricity, inodorous and non-inflammable. 
It can be rolled into thin sheets or thick plates and used in place of mica 
on electrical instruments. 

Other substances akin to the above, such as imitation leather or 
linoleum, can be made by impregnating a mass of vegetable fibers or 
animal hair with a mixture of oil, turpentine, glycerine, and casein glue. 
This is partially dried and treated with aluminum acetate, after which 
it is thoroughly pressed between heated rollers. By pressing several 
sheets together, a leather of any desired thickness can be secured. A 
mixture of casein, vegetable oil, caoutchouc, or resin gives a product 
which is one of the best electrical insulators known. 

Uses of Casein in Dyeing and Printing Textile Fabrics. When textile 
fabrics arc impregnated with a solution of casein, the fiber becomes coated 
with a solution of casein which materially increases the absorption of the 
dyestuffs of the bath. It thus acts as a mordant for the colors. When 
used alone it acts as a loading or softening agent for silk and cotton goods 
and renders the cloth more impervious to water. At first only the alkaline 
solutions of casein could be used, but recently it has been discovered that 
under certain conditions the dye bath could be made acid without pre¬ 
cipitating the casein. 

Preparation and Application ,—The general method consists in soaking 
the fabric in the casein solution and then passing it through the dye bath. 
Afterwards the fabric is dried and the coating of casein rendered insoluble 
by exposure to the vapors of formaldehyde, or by dipping the fabric into 
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a solution of aluminum acetate. Another method is to incorporate the 
dyestuffs with the casein solution and complete the operation of mordanting 
and dyeing in the same bath. After treatment with formaldehyde, the 
tone of the colors remains as pure as those fixed with egg albumen. The 
addition of glycerine solutions to the above bath renders the fabric more 
flexible and increases the gloss. Finely divided coloring matters impart a 
metallic luster to the cloth, while the addition of soap increases its 
softness. 

A solution of casein in limewater is used under the name of caseogum. 
Argentine is a compound of casein with zinc and gives a metallic luster to 
the fibers. Glutin is a solution of casein in sodium tungstate. 

Casein as a Food. From time immemorial, casein in the modified 
form of cheese has been used as a food by the human family. Casein 
itself is somewhat indigestible, but several of its compounds with the 
alkalies are very soluble in water and consequently are very readily 
acted upon by the digestive juices. Recently several new compounds 
have been put on the market for this purpose, but the cost of production 
has prevented a wider use. 

Preparation. The alkali salts of casein are used almost exclusively 
in these foods. They are made by the evaporation of their solutions 
and are put on the market in the form of dry powders. They are very 
nutritious and inodorous, and if kept dry will keep indefinitely. Several 
of them have different proportions of milk sugar and butterfat added in 
order to increase their nutritive qualities. With the exception of cheese 
none of them are important as yet and consequently only a few of them 
are enumerated below. 

Lactarine is one of the best kno^vn; it is a white powder composed 
of a small per cent of mineral and non-nitrogenous matter. Nutrose is 
sodium caseinate; plasmon, potassium caseinate, and eucasein, ammonium 
caseinate. Sanatogen is a compound of casein with sodium glycero¬ 
phosphate. Synthetic milk is made from casein, sodium bicarbonate and 
a mixture of butterfat and milk sugar. Flour and casein give a bread 
low in carbohydrates and finds a use in certain dietary foods. 

Casein in Medicine. The caseinates of iodine, chlorine, mercury, iron, 
silver, arsenic, phosphorus and a large number of alkaloids are used 
m medicine to an ever-increasing extent. The casein iodides are especially 
valuable. These compounds are used in intestinal disorders and certain 
skm diseases. The casein complex increases the adsorption of the iodine 
by the organism. The casein sahcylates are readUy adsorbed by the 
intestines and do not irritate the mucous membrane as do the other 
salicylates. When combined with alkaloids the casein residue seems to 
tone down the harmful effects of the drug without materiaUy affecting the 
pecific action desired. It is said that three times as much mercury can 
be administered in the form of the caseinate to a dog or rabbit without 
causing death as can be given in the form of the sublimate. 
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Preparation and Application. The salts of the metals are made by 
treating an alkaline solution of casein with a solution of tlie salt of the 
metal. The halogen cotiipounds are prepanMl by treating an alkali 
solution of casein with the gaseous halogen, or with an alcoholic .solution 
of the same, while the casein compounds with the alkaloids are obtained 
by treating a suspension of casein in alcohol with an alcoholic extract of 
the alkaloid. 

Sodium caseinate in a thick pa.ste is used as an ointment. .Mixed with 
a small amount of formaldehyde and ajjplied to a cut or bruise it forms 
an elastic coating, "new skin,” over the injury and absolutely prevents 
outside infection b^' bacteria or otln'r agencies. 

Sundry Uses for Casein. A few of the other industrial uses are as 
follows: in soap making, in priming artist.s’ canvas, as a paint remover, 
shoe polish, massage cream, artificitil silk, and as an agent for solidifying 
mineral oils. 

Government SpeciiicatioDS. All caseins usetl by the United States 
Government are required to conform to certain specifications. These 
specifications have l)een formulated !)y the Forest Products Laboratory 
and are as follows: color, white or light cream; odor, nearly odorle.ss; mois¬ 
ture, not more than 10 per cent; fat, not more than 4 per cent; nitrogen, 
not less than 14.25 per cent; acidity, not more than 10.5 cc. of 0.1 alkali 
per gram. 

Yields, Cost of Manufacture, and Selling F^ce of Casein. One 
hundred pounds of sweet milk will yield from .3.0 to 3.5 lbs. of casein. The 
cost of manufacture averages about five cents per pound. The selling 
price varies widely, usually between 12 to 25 cents p{*r pound. Hcnnin 
casein usually sells for about 2 cents per pountl more than acid casein. 

One hundred pounds of undiluted buttennilk yields from 2.5 to 3.5 lbs. 
of dried casein. Those figure.s vary somewhat, depentling on the amount 
of water added in the butter-making process and the ph^'sical condition 
of the buttermilk. The cost of manufacture varies from 1 to 2 cents per 
pound. The selling price of buttermilk casein is generally 1 to 2 cents per 
pound lower than the prevailing price of skim-milk casein. 
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CHAPTER LII 


BREWING AND MALTING, WINE AND DISTILLED LIQUORS 

In the first three editions of this Manual the subjects covered in this 
chapter were very fully discussed. In the fourth edition, as a result of 
the Eighteenth Amendment to our Constitution, it was thought wise to 
eliminate this material as only active American industries are considered. 
The demand for a technical treatment of the subject has been so great that 
the editor has been persuaded to compile a condensed review of the mate¬ 
rial formerly presented by Arnold Wahl, N. Hjcltc Claussen and Gustave 
L. Goeb. The processes outlined, in some instances, should be considered 
as historical so far as the United States is concerned, while the practice 
of foreign countries is given in as full detail as possible. An attempt has 
been made to present the subject from a technical standpoint only, and in 
no sense is an aid to home fabrication. 

Brewing. Brewing is the process of preparing hopped, fermented 
beverages such as lager beer, ale, stout and weiss beer, the materials 
usually employed being barley-malt, hops and water. From ancient 
times the popular beverage that passed by the name of beer has been 
undergoing so many changes as to material employed, qualitatively and 
quantitatively, equipment, process of manufacture and character of 
product, that it is impossible to fix a standard from usage alone that will 
not allow the widest latitude as to choice of materials or processes. With 
the older Norse and South Teutonic, or Germanic tribes, beer was a tart 
fermented beverage in which honey was a prominent constituent, and about 
the eleventh century the employment of hops become general on the 
Continent because of its bitter and aromatic and antiseptic principles 
and tonic effect. Later this ingredient became universal. As to cereal 
base, barley undoubtedly took the lead from the first, as it was the great 
staple article of food before wheat displaced it in breadmaking. But other 
cereals have had their importance in beer-making in ancient as well as 
modem times. So China made its beer 3000 years before the Christian 
era from rice and millets besides barley, and in Egypt, probably as early 
as the building of the pyramids, millet was employed along with barley. 
In modem times, the variety of cereals used is much the same. In many 
coimtries, unmalted cereals like rice and com ore generally employed and 
sugars are favored by some; in Germany wheat is employed for some beers, 
and in France, Belgium and Scandinavian countries various cereal prod- 
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ucts besides barley malt, such additions to barley malt in these countries 
being made to secure, especially, better keeping quality and to tone down 
the satiating effect or richness of all-malt beverages. 

Malting Operations. Broadly these embrace every manipulation 
from the moment the crude grain leaves the elevator or storehouse up to 
the time the finislied malt is convoyed to the storage bin or to the hopper 
to be measured into the cnisher mill of the brewerj'. In a more confined 
sense, as treated here, the term is applied only to the three main operations 
of steeping, germination and kiln-drjdng. 

Growth. Germination as conducted on a smooth floor constructed of 
cement for this purpose, is tlie traditional method, the process being 
called “flooring” or “genninating.” The modem methods, however, are 
based on artificial or forced aeration (pneumatic malting) either on a 
perforated floor or in revolving drums. Another important distinction 
is, that by the old method the work is almost entirely done by hand, 
whereas the improved methods may with much propriety be called mechan¬ 
ical malting, most of the work being done by machinery. 

Floor Mailing. The barley from the bins is loaded on the conveyor 
and carried automatically to the cleaning machine. The offal goes to 
feed dealers. 

Steeping. From the cleaning machine the barley drops into the 
separator underneath. The different grades, two or three in number, go 
to the automatic scales, and then reach the steeping tank, which should 
be half filled with water. At first, the water should stand 1 to 2 ft. above 
the barley when the tank is full. The skiminings are floated off or skimmed 
off with a ladle. They go to a separate bin or trough, and are dried and 
sold for feed. Change the water the first day and once a day thereafter. 
Steep for about forty-eight hours, modifying for dryness of air, hardness 
and temperature of water, type and condition of barley, etc. 

Germinating. The grain being fully steeped, the water is drained 
off at the bottom and the barley dropped on the malting floor; otherwise 
it is loaded on trucks and wheeled to the floor where the grain is spread 
and leveled to a heap or “couch” of about 8 to 10 ins. Here it is turned 
from time to time by hand shovels and its height gradually increased and 
again reduced according to conditions from about 14 ins. to 4 or 5 ins. 
The temperatures in the air should be about 50® to 60° F,, in the growing 
malt couch about 75°, turning to prevent too high heats and to supply 
aeration. Growth takes about five days for barley of the Manchuria 
type and eight days for Bay Brewing and two-rowed types, like the 
Chevalier. When the endosperm has become mellow and the acrospire 
is three-quarters up, the “green malt” is conveyed to the kiln, which usu¬ 
ally has two or three floors heated by open fire assisted by closed heaters; 
hard coal, being smokeless, is commonly used for fuel. 

Kilning. By a fan installed above the upper floor air is sucked 
through the malt together with the products of coal combustion. The 
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temperature is kept at about 90® F. on the upper floor, and when 
hand dr>% usually after twenty-four hours, the malt is dumped on the lower 
floor, where it is kept for about twelve hours at 120® to 130® F., where it 
is kept until practically dr>', when it is heated to the final temperature of 
150° to 155° F. for pale beers, 1G5° to 180® for darker beer, and up to 
220° F. for beers of Munich character. 

The Mechanical Mailing or Automatic Pneumatic Syatemsi. In this 
system malt is made by turning it with machinerj’, or by the use of 
dumping floors, or other mechanical means. 

The Compartment System. This system emploj's a box-shaped recep¬ 
tacle for hohling the steeped barley during tlie growing period. Traveling 
acros.s this receptacle lengthwise is a carriage supporting a number of 
revolving helices for tlie purjjose of ttirning and loo.sening the growing 
barley. This carriage travels from end to end automatically, being pro¬ 
pelled by rope transmission. The malting floor consists of perforated, 
galvanized steel plate through which the atteniperated air passes. 
The ventilation can be either downward or upward, or intermittent or 
continuous. The air first pas.ses through the atteinperators, which con¬ 
sist of a number of partitions having perforated zinc plates secured thereon. 
Between these partitions are located atomizers to spray water on to the 
plates, thus effecting the cooling and moistening to the saturation point, 
at the same time washing and purifying it, and equalizing the temperature. 
The water used returns to a tank, which has an overflow and skimmer. 
Here fresh water is added, and the water used over again. In cold 
weather the air used first pjusses through a series of steam coils, to be 
warmed, and then through an attemperator. Many plants are arranged 
so as to use part of the air over again, which effects a large saving in 
heating, and has given good satisfaction. 

The moistening of the growing barley Is done by a sprat pipe attached 
to the machine and connected with a hose to the water sui)ply. While 
being sprinkled, the malt is turned by the machine so as to moisten it 
uniformly. 

The unloading of the compartment is done by a power scraper, which 
is so arranged as to run forward and backward, the operator only doing 
the guiding. The malt Is scraped to the front of the compartment into a 
feeder, which feeds the malt into the conveyor underneath, then to the 
green-malt elevator, and then to the kiln. 

In all other respects the treatment docs not differ from that above 
described for the other methods of malting. 

The floors are kept clean by scrubbing with brushes and the usual 
chemicals. 

Drum Malting. The growth of the barley takes place in drums that 
arc made to revolve by machinery whenever desired. The drums proper 
rest on four wheels in a frame connected to two shafts and revolved by 
means of worm gears; some arc arranged so as to run at different spcc^ 
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for different times and different conditions of the malt. The ventilation 
used in most cases is continuous. 

The dnim is turned about as follows: for the first three days, one full 
revolution everj’ two hours; fourth day, every one and one-half hours; 
first half of the fifth day, the same; after which the drums are kept revolv¬ 
ing for twelve hours, making one revolution in about forty minutes. 

On the kiln the malt is dried the same as floor malt. 

Brewing Materials. The materials commonly employed wherever 
beer is produced arc hops, malt, and water. In some countries, like 
I'ngland, sugars and other adjuncts are used in part with malts; in the 
United States coni was commonly employed besides rice and sugars. 
In Germany the employment of any substitutes for or adjuncts to malt is 
prohibited. Barley is the distinctive cereal that furnishes malt, the 
exception being wheat used for weiss-beer malt. 

Malt and Cereals. Malt is produced from barley by the processes of 
cleaning, steeping in water, germinating on the floor or in compartments 
or drums, kiln drying. 

Properties of Malt. The berries should be of uniform size and shape; 
husk and endosperm of light color for pale beers; it should be free from 
other grain like wheat or oats, or seeds like mustard, rape; odor aromatic, 
not musty; growth uniform with about 90 per cent of acrospire three- 
quarters up; condition of endosperm mellow, not flinty; laboratory yield 
on dry basis about 72 to 74; moisture content not over 6 per cent lest 
slackness ensue; strong diastatic and peptic power for proper inversion 
of starch and albumen; bushel weight not less than 34 nor more than 
38 lbs. 

Corn is employed, with germ and husk more or less removed, in the 
form of grits or meal in a separate cooker or in the form of flakes in the 
mash-tun; rice, either broken or as meal, in the cooker; wheat in flaked 
condition in the mash-tun or crushed (by means of malt mill) in cooker. 
Malt yields about 64 to 70 per cent of extract in the brewery, of which 
4 to 5 per cent are albuminoids; rice about 75 to 80 per cent, of which 
2 to 3 is albumen; rice and com yield practically no albumen. 

The employment of unmalted cereals like rice and com offers a number 
of advantages. They can generally be obtained at a lower price and yield 
more extract than malt. They lend themselves better to the production 
of beers of Bohemian or Vienna types than all malt, because Am erican 
malt generally yields more albumen to wort and beer than European 
malts, due to higher albumen content of American barley of Manchuria 
type. American all-malt beers are therefore apt to be more satiating 
than Bohemian beers with their lower albumen content. The resultant 
beers are of paler color, of greater stability when pasteurized, and their 
brilliancy less affected by low temperatures. 

The employment of wheat may not be more economical, nor are the 
wheat beers more stable or less sensitive to low temperature th^n all-malt 
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beers. They have a peculiar palatability that recommends them in 
some localities. 

Commercial Glucose and other brewing sugars are prepared from the 
starch of corn througli inversion by acids at high heats (under pressure). 
They contain dextrose and dextrin in varying quantities. 

Other Adjuncts. Dark Malts. For preparing a be(‘r of dark color a 
malt may be used which has been subjected to special treatment in the 
kiln, so as to acquire a dark color, such as cararncl malt, the hu.«k of which 
is yellowish brown, wliile the endosperm has a decidedly brown color. 
In its preparation, ordinaiy' malt of good quality is steeped for a while, 
BO as to take up a certain amount of inoisutre. It is then dried, and 
heated in suitable vessels, first to comparatively low temperature, in or<ler 
to promote the fonnation of sugar, and later to higher tempemtures at 
which the sugar is caramelizetl. Black malt is dried at higher temi>ora- 
turcs, so that both the husk anti the endosperm possess a blackish-brown 
color. It does not have the plojisant caramel taste of caramel malt. 
The coloring power is vcr>’ great. Malt CA)lor is an extmet of black malt, 
filtered and evaporated to a sirupy consist<*ncy. Roasfid corn is prepared 
from com in the siune manner as black malt from barley, i.e., by heating 
to higher temperatures. Its coloring power equals that of black malt. 

Hops. Hops as they are usetl in the brewery arc cone-shaped forma¬ 
tions, representing clusters of blossoms of the female hop plant. Lroin 
forty to sixty flowers are grouped together on a central spindle which is zig¬ 
zag shaped, forming a so-called hop cone or the umbel of the hop. 

At the lime of maturity the seed of the hops and the whole lower 
and inner parts of the bracts are covered with a fine light-yellow du.st 
consisting of minute granules of lupulin, which contain both the bitter 
and aromatic principles of the hops, viz., the hop oils and resins, be.sides 
hop tannin, hop bitter acids, hop wax, nitrogenous bodies, carbohydrates 
and mineral substances, an enzyme (diastase) which is of special importance 
in ale brewing. 

Up to 1808 hop culture remained confined to three New Lngland 
states, Massachusetts, Vermont, Maine. Later the hops from New York 
State were found not only superior in quality, but three times as prolific. 
About 1860, small patches were planted to hops in Wisconsin and Michigan, 
but by 1880 hop cultivation was well introduced in California, Oregon, 
and Washington, which states, together with New York, now furnish the 
hops for the American market, while large quantities arc also exported. 

Water. A good brewing water should be clear, bacteriologicnlly pure 
(uncontaminated by sewage), free from odor or biste; moderately hard, 
with a moderate amount of sulphate of lime, and common salt, free from 
iron and alkali. Such water is also adapted for malting; for washing of 
tanks, bottles and barrels, filter mass; for watering yeast, and dissolving 
isinglass. For the steam boiler the softest water is the best if free from 
odor; for cooltTig it should be free from acids and not too hard. 
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If water docs not come up to requirements it may be improved by 
filtration, by boiling, by hardening, by supplying deficient mineral matter 
(Burtonizing) especially practiced in ale brewing; by softening and by 
purification. 

\’<irnish. ^^'oodcn vessels in the brewerj-, like starting vats, ferment¬ 
ing vats, stock tubs, and chip cakes, arc varnished for the purpose of 
preventing any extractive matters that may remain in the wood from 
getting into the beer. At the same time the varnish prevents the beer 
from penetrating into the pores of the woods where it would sour and 
become a source of infection that would subsequently attack the beer run 
into the vessel, llie most common varnish is a solution of shellac in 
special denatured grain alcohol; raw wood-alcohol is extremely poisonous. 

Pilch. Trade packages are internally covered with a coat of pitch 
for similar purposes to those which lead to varnishing storage casks, etc., 

i.e., to prevent the beer from coming into contact with the wood. Ordi- 
narj'' brcwei's pitch, most commonly used, is the purified resin of certain 
coniferous trees, as pines, firs, called turpentine. The resulting colophony 
is softened or made pliable by melting with some rosin oil, cotton-seed oil 
or paraffin. 

Clarifying Chips are used at the expiration of the storage period, these 
being strips of wood, usually beech or maple, 6 to 12 ins. in length, with a 

thickness one-twelfth of an inch. They should be well seasoned and care¬ 
fully boiled out. 

Isinglass for beer clarification is derived from fish sounds, or hide of 
the calf, containing gelatine as active principle. 

Brewing Operations. Brewing operations proper include all operations 

conducted in the mill and brew house, viz., cleaning and cnishing the 

malts, mashing; straining; boiling before and after hopping; hop strain¬ 
ing; cooling. 

Mashing Systems. Different methods of applying temperatures to 
a mash supply the following systems: 

1. Infusion or water mash: English beers. High initial temperatures. 

2. Decoction or thick mash: German lager beers. Low initial tem¬ 
peratures. 

3. Malt infusion and unmalted cereal decoction mash: American 
lager beers. Low initial temperatures. 

By the infusion method mash is brought to its final temperature by 
the admixture of water of suitably high temperature. By the decoction 
method, part of the mash itself is raised to a boU and then returned to the 
mash-tun The unmalted grain is boiled separately with some malt and 
run into the malt mash to produce the final temperature 

American Brewing Operations. Cleaning and crushing the malt in a 
roller mill; mixing the grist with water, approximately 100 lbs. of malt 
per barrel, at 100“ F., in the nuish-iun, which contains false bottom and 
stirrer; holding the mash here for peptic action for about one hour; 
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when boiling, hot rice or corn mash or hot water is nin in, raising tempera¬ 
ture to about 154'’ F., maintaining this temperature for about 15 minutes 


for diastatic action, 


and raising to final temiierature of about 165® F. in 


15 minutes, resting the mash about 30 to 45 minutes; tapping; straining 
when clear, into kettle; sparging the grains left in mash-tun with water 
of 165® F. until thoroughly extracted; boiling wort in kettle before addi¬ 


tion of hops for about one hour, and one hour more with hops; nmning 
brew into hop-jack, straining out the hops; pumping wort to wort tank, 
running over Baudelot cooler into fermentation starting vat, where it is 
yeasted. Rice or corn are generally mashed in a separate cooler together, 
with a part of the malt, and when boileti sufficiently long the mash is 
united with the malt mash in the mash-tun. 

American Lager Beer. Pale Lager Beer. Strength of wort, 12 to 
13 per cent extract. Material, 50 to 55 lbs. per barrel, of which about 
two-thirds should be pale malt and ontMhird may l)e unrnalted cereals, 
like corn grits, corn-meal, corn flakes, corn-starch or rice. Sugars like 
glucose may also be employed to the amount of about 25 per cent in 
place of unmaltod cereals. 

Malt Beers are brewed with 12 to 15 per cent extract, and require 50 


to 60 lbs. of malt per barrel. 

Pale Draught Lager Beers should be brewed with 12 to 13 per cent 
extract and reciuirc from 45 to 53 lbs. of material, of which two-fifths may 


\)C unrnalted cereals. 

Pate Bottled Lager Beers should be brewed with 12J to 13^ per cent 
extract, and require from 52 to 60 lbs. of material, three-fifths of which 
may be malt and two-fifths unrnalted cereals. 

'Temperance Beers arc brew’cd with about 7 to 8 per cent extract. 

Malt Tonics arc brewed with about 15 to 18 per cent extract. 

Principles of Mashing. Mashing is the process of extracting the 
goods by mixing them with water at suitable temperatures and in proper 
relative quantities, preparatory to boding in the kettle. 

Chemically it proceeds in the main by the inversion of the starch into 
maltose, malto-dcxtrin, and dextrin, and the modification of tlic insoluble 
albuminoids into a soluble form. These changes are brought about by 
the agency of two substances which are contained in the malt, and begin 
operations when the malt is mixed with water at definite temperatures. 

The.se substances are called diastase and peptase. They were fonnerly 
called chemical ferments as distinguished from the organic ferments which 
are responsible for fermentation. At the present day the term enzymes, 
or soluble ferments, is more commonly applied to them. It is the function 
of the diastase to invert the starch, of the peptase to modify the albuminoids 


of malt, as above indicated. 

The amounts both absolute and relative, of dextrin, malto-dextnn and 
maltose, as weU as of the modified albuminoids like albumoses, peptones 
and amides, finaUy present in the wort, are materiaUy affected by the 
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conditions under which the enzymes do their work. Hence, it is in the 
power of the brewer to control the composition of the wort, within certain 
limits, by modifying such conditions. 

It generally being desirable to obtain beers with a high degree of 
palatability and foam stability, properties dependent in the main upon 
the amount of unfermcntable extractive substances left in the beer, 
among which there should be a sufficient amount of the desirable albu¬ 
minoids or proteids, the mash is generally peptonized at low temperatures, 
for instance 100® F., for about one hour, while the starch is inverted at 
liighcr temperatures, for instance, for fifteen minutes at 154® F. slowly rais¬ 
ing to 165 to 166® F. the latter usually being the final mashing temperature. 
The peptonizing enzyme “peptase” is most active at about 100 to 120® F., 
diastase at about 140 to 154®; over 170® the diastase becomes very weak. 

Malt contains diastase in quantities sufficient to convert into maltose 
more starch than that wliich is stored up in the malt itself, and American 
malts on an average possess a much greater diastatic strength than Ger¬ 
man malts; in fact, their power in this respect is so great that there is 
danger of carrying saccharification too far, if the mashing temperatures 
that are customary in Germany were retained. Hence, the principles of 
raw cereal brewing became the subject of closer study in this country. 

Water. The amount of water to be employed in the production of 
100 barrels of wort or about 100 barrels of beer, is approximately 135 bar¬ 
rels. Some of tlic water employed is left in the grains (about 20 barrels), 
some is evaporated in boiling (about 10 barrels), some is evaporated on the 
Baudelot cooler (about 5 barrels). 

With grits and meal use: For 100 lbs. of material in rice tub, 1 barrel of 
water; for 100 lbs. of com, 30 lbs. of malt. Boil grits 75 minutes, meal 
45 minutes. 

While the mash machine is in operation, a slow stream of water should 
be forced continually through the underlet (pfaff) to keep openings clear; 
also directly after stopping machine after reaching mashing-off temperature. 

Live Steam can be employed directly for heating the mash, if the water 
used for boiler feeding is of good or medium purity, i.e., if it does not 
impart to the steam any obnoxious substances. Care should also be 
taken in the selection of a proper boiler compound for the same reason. 
Instead of heating with live steam the mash-tun may be provided with a 
steam jacket or coil. When the end temperature is reached, a sample 
of the mash should not show any starch by the iodine test. 

Let the all-malt mash rest thirty minutes and the cereal mash forty- 
five minutes. If allowed to remain standing too long the grains will settle 
too firmly. 

Tapping. Open the taps wide, one by one, for a few seconds, and 
close them again; the recoil of the Uquor will rinse out under-dough. 
Then open the taps gradually until a proper flow of wort is obtained. 
Pump the wort back into the mash tub as long as it runs turbid, which 
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usually lasts eight to fifteen minutes. The wort should then Cow quite 
bright. 

Sparging. This proce.ss consists in sprinkling hot water over the 
grains to wash out as much as possible of the valuable constituents remain¬ 
ing in them. The amount of sparging water should be considered when 
starting the mash, with reference to the total amount of wort desired. 

Boiling the Wort. The wort obtained by mashing is boiled for a cer¬ 
tain period for the purpose of eliminating or rendering harmless certain 
undesirable constituents, like coagulabic albuminoids, and intro<lucing 
other new bodies, like hop resin and hop oil, by extraction from the hops. 
Besides, during heating and boiling the wort assumes a darker shade, due 
to canimelization of the sugars; water evaporates, resulting in a denser 
litjuid, and the tannic acid of the hops coagulates an additional (piantity 
of undesirable albumen, this coagulation aiiiing in clarifying the wort and 
causing it to “break.” 

In the United States the wort is generally heated by steam jackets 
and sometimes by steam coils, direct fire kettles having gone quite out of 
use. Steam is turned on when the wort flowing from the mash tub covers 
the copper heating surface and the temperature kept at about 190® F. 
until all the wort including spargings, has nin in. Unless very pale beer 
is de.sired, the brewer may bring the wort to a boil while it is flowing in. 
During the boiling period the wort should be kept in a state of vigorous 
ebullition. 

Straining. From the copper, the wort runs into the hop-jack, where 
it is allowed to stand for a period, to permit the hops and albuminoids 
to settle. 

The wort shouhl not be allowed to rest longer than fifteen minutes 
as a dark color or rank, bitter ta.ste may re.sult if wort is left in contact 
with hops too long. The hop-jack is provided with a false bottom, through 
which the wort is drained into a pump that delivers it to the coolers. The 
hops remaining on the false bottom arc sparged with hot water to wash 
out the wort they contain. If the wort remains i!i hop-jack very long, 
or if the spent hops arc pressed out to obtain the wort, a rank, bitter taste 
of the beer is apt to result. 

Cooling. The wort reaches the surface cooler, a large, shallow iron pan, 
and remains here a short period for the purpose of preliminary cooling. 
The wort should be cooled to 145® F., and not lower, on the surface cooler, 
and receive proper aeration during cooling, avoiding all sources of con¬ 
tamination in the meantime. Aeration of the wort during cooling has 
the effect of further precipitating the undesirable albuminoids. Besides, 
the wort absorbs air, which is utilized by the yeast later on. Most of the 
microbes that reach the wort below 145® F. will remain alive, the most com¬ 
mon ones being butyric and lactic acid ferments and wild yeasts. Instead 
of a surface cooler, a wort tank is more frequently employed. 

Baudelot Cooler. After the preliminary cooling, the wort is sent over 
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tlic Baudclot cooler, where it should be cooled do^\Ti to 48® F., which is 
sufficiently low. Fonnerly it was a general rule, however, to cool the 
wort to as low a temperature as 42° F. The Baudelot cooler is a pipe 
cooler, in two sections, the upper one cooled by water, the lower one by 
brine or ammonia. The wort runs down over the outside surfaces of the 
pipes. 

Er}cIosed Cooler. These have been taking the place of the former in 
many breweries of late. The wort circulates through a pipe system and 
is cooled through a counter-current of water until it reaches the brine or 
ammonia section. Artificial aeration must be provided. 

Cold lircnk. After the wort, leaves the coolers it should show a good 
‘‘cold break,” that is, should settle clear in the sample glass at a tem¬ 
perature below 40° F., or filter clear. If it does not, the turbidity may be 
due to unconverted starch, to albumen, or to infection. 

Loss jn Voluinc. A certain loss in volume will occur on the passage 
of the wort from kettle to settling tank, due to (1) contraction in cooling, 
about 41 percent; (2) evaporation of water, about 5 per cent; (3) adhesion 
of liquid to surfaces of vessels, pipes, etc., about ^ per cent. When hops 
are properly sparged it will take about 107 barrels of wort in the kettle 
to obtain 100 barrels in the cellar. 

Fermenting Cellar Operations. Pitching vnih Yeast. Fermentation 
is induced in the wort by adding yeast properly prepared, which operation 
is termed “pitching.” The common practice is to mix the yeast with 
an equal quantity of finished wort or boiled first wort of about 55 to 60° F., 
rouse well to insure aeration and breaking up of cell aggregations, transfer 
to settling tank when the mass is in fermentation, mixing with it the wort 
as the latter runs from the cooler. 

Amount of 1 east. The amount of yeast needed to secure a normal 
fermentation is from ^ to IJ lbs. per barrel; the lesser quantities sufficing 
with less densities of wort, greater yeast vigor, better aeration. 

Fermentation Phenomena. Within fifteen minutes to twenty-four hours, 
according to the pitching temperature, little white bubbles appear around 
the sides of the vessel. The beer at this time is covered with a dark 
head of thick consistency, composed largely of albuminoid matter, coagu¬ 
lated during the boiling period (sludge). The head of impurities being 
skimmed off, the whole surface is found to become quickly covered with 
a fine white froth (“whitening over”), rather higher around the r im 
than in the middle, denoting that carbonic acid gas is escaping through 
the fermentation of the sugar (maltose). 

Krdusen. The head of froth begins to move from the sides of the 
vessel to the middle, and assume a frizzled appearance, small cockle¬ 
shaped mounds beginning to rise all over the surface. At the expiration 
of twenty to thirty-six hours after pitching, the surface should be curly 
and pure white (“young krausen”). From the time the froth' head 
begins to move toward the middle, fermentation becomes more active, 
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the head rising all the time (“high krausen”). At the same time the 
temperature rises, slowly at first, more rapidly as the activity of fermenta¬ 
tion increases, while the saccharoineter indication or density decreases, 
more rapidly the drop amounting one-fourth to one-half of 1 per cent 
a day in the early part, and reaching one to one-half toward the high kriiu- 
sen stage. The curly head of froth turns a darker color while rising in 
height. 

The high kriiusen stage is reached seventy to eighty hours after 
pitching and is maintained for a period of forty-eight to seventy-two 
hours, varjung according to different influences. During this time the 
fermenting beer is kept at a certain low temperature, 48 to 50* F., and 
as high as 58® F., by means of attemperators, and when the head begins 
to collapse is cooled slowly to 39* F. The saccharometer falls more slow’ly 
as the end of the principal fermentation dniws near. When the end is 
reached, the fall of the saccharometer is commonly tV to uV per cent in 
twenty-four hours. 

The yeast, which had been kept in suspension during fermentation 
through the escape of carbonic acid gas, should now be found settled 
on the' bottom of the fennenter; the amount being about three to four 
times the quantity used for pitching. 

Sample Glaus. In a sample glass the beer should show quick sedimen¬ 
tation and clarification in about twenty-four hours at cellar temperature. 

Yeast Properties. Yeast has a thick, stiff, pasty consistency, not 
watery or slimy, a yellow to brownish color, a bitter taste due to hop- 
resin and a characteristic odor. 

It consists, for the most part, of single-cell organisms of the class 
saccharomyces and species cerecisia?. Yeast mechanically encloses a 
large amount of water or Wr—about 50 per cent—through which are 
dispersed minute bubbles of carbonic acid gas, that escape when the 
yeast is stirred, emitting a rustling sound. After the beer has run from 
the fermenter, the yeast sediment should be quite firm and thick. How¬ 
ever, unless an absolutely pure culture, every yeast has an admixture 
of foreign organisms as bacteria, wild yeasts, and mycoderma. All these 
impurities may be classified as “potentially dangerous. 

Yeast Type. The course of the fermentation as performed by the 
yeast depends not only on the vitality and environment of the yeast, 
as age of yeast, temperature, aeration, composition of nutritive medium, 
presence or absence of other organisms, but also upon the type of yeast 
employed, which may be distinguished by differences in properties pos¬ 
sessed, or effects produced by them. 

Types of cultivated yeast arc distinguished by differences in the fol¬ 
lowing properties possessed, or effects produced, by them: 

1. Degree of attenuation; 

2. Fermentative energy, or rapidity of attenuation; 
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3. Reproductive energy, or growth of j^east; 

4. Rapidity of settling of yeast, or clarification of beer; 

5. Compactness of vsettling of yeast; 

6. Qualities of beer obtained, as taste, odor, and durability. 


3 ca.sf Cluf^ters. The grouping together in clusters of microorganisms 
like j'east, is brought about by a mucilaginous secretion of the cell mem¬ 
brane. so that cells which come in contact stick together in larger or 
smaller cell aggregations or clusters or flakes. This gives rise to a more 
rapid settling of the yeast, that is, clarification, after principal fermentation 
on storage and in cliip cask, and more compact settling of the yeast in 
fermenting vat and yeast vat, a better break of the beer, and is of influence 
regarding attenuation. Low attenuating types form larger clusters than 

high attenuating types, while wild or foreign yeasts do not have the faculty 
to any extent. 

Stock Cellar Operations. Tanking the Beer. The beer is brought 
from the fermenting vat to the stock tank either at the temperature to 
which It has been cooled in the fermenter and then it undergoes a secondary 
fermentation, or it is further chilled on its way to the stock cellar, passing 
It through a cooler in which case no secondary fermentation is anticipated 
and the beer should reach the stock tank thoroughly fermented. 

Storage is that stage in which the beer is kept after the conclusion 

of the primaiy fermentation and prior to final clarification for the trade 
package. 


The objects of resting the beer are to eliminate certain suspended 
matter like yeast, thereby securing greater clearness, and certain objec¬ 
tionable matter, like albumins, thereby securing greater durability, 
especially in pasteurized bottled goods. 

During the storage period there should be a slight progress of secondary 
or after-fermentation, unless final attenuation was reached previously. 
The residue of maltose and part of the malto-dextrin are fermented by slow 
degrees, the amounts of carbonic acid and alcohol increasing. 

. 1 , ifquickly, the less sugar there is present and 
the smaller the storage vats; the albumins are the more thoroughly elimi¬ 
nated, the better the mash was peptonized, the lower the storage tempera¬ 
ture, and the longer the period of storage. Hence, long storage at low 
temperatures enhances the stability of beer after pasteurization. 

Starch particles do not settle on storage. Nor can dependence be 
placed on improving the beer through long storage in respect to number of 

stonTgr ** contrary, bacteria may increase during 


Low temperatures whUe the beer is in storage are necessary to pre- 

stem if development of bSa. The 

storage cdlar should be kept as near to the freezing point as possible. 

Chip CeUar Operations. When sufficiently matured in storage, the 
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beer is run or pumped into chip casks, so called from a method of clarifjdng 
beer by means of chips. 

Treatment in the ciiip cellar has a twofold object; 

1. To impart to the beer the nccessar>' life, that U, a sufficient amount 
of carbonic acid gas so tliat it will foam properly when tapped. This is 
done: 

(а) by kriiusening and burning, or 

(б) by charging with carbonic acid gas directly (carbonating), or 

(c) by both krausening and carbonating. 

2. To make the beer brilliant. This is done: 

(а) by the addition of chips; 

(б) by the addition of isinglass; 

(c) by filtration. 

Krausening. This consists in the addition of kniusen beer, that is 
young beer in the first, or kriiusen stage of fermentation, twenty-four 
to forty-four hours after pitching, the amount being about 15 per cent for 
home draught beer; 10 per cent for export draught or bottle beer, or 5 
per cent when beer is carbonated. A few days after the kniusen have 
been added the finings arc introduced and the cask is bunged, to prevent 
the escape of the gas generated by the kniusen, its accumulation causing 
a pressure which is termed bunging pressure and which is allowed to rise 
to about 15 lbs. 

Carbonating. Carbonic acid fermentation gas may be introduced into 
the beer at any stage after fermentation, but usually this is done while 
the beer is being transferred from the chip cask to the racking bench and 
before it reaches the filter. When beers are carbonated they are either 
not kniusened at all or only with relatively small quantities of kriiusen; 
about 5 or 6 per cent. The gas is introduced either on the pressure prin¬ 
ciple by spraying the beer through a compressed atmosphere of gas or on 
the aspirator or injector principle, by forcing the gas into the beer, usually 
in a conduit while in motion. 

Clarification. Matter remaining in suspension at the end of the 
storage period is eliminated by mechanical means. First among them 
is the introduction of chips. Beer chips or clarifying chips arc strips of 
wood, usually a beach or maple, so cut as to present a maximum of surface 
with a minimum of volume and weight. The chips are spread in the 
bottom of the chip cask, where they retain particles in suspension, reaching 
them as well as the sedimentation caused by the employment of isinglass. 
Chips must be carefully prepared by boiling in water, with an addition of 
soda. 

Fining the Beers. Brewers’ finings are prepared from so-called isin¬ 
glass, obtained either from fish through cleaning, rolling and drying the 
bladder, or from hide of calf. The finings may be prepared on the cold 
or warm plan, their efficiency depending upon the amount of gelatinous 
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substance the isingla^^ yields and which in flocculent form distributes 
through tlic beer enveloping the suspended particles and carrying them to 
the bottom. One pound of isinglass is sufficient for 100 to 500 barrels 
of beer. 

Filtration. The process of filtering beer consists in forcing the beer 
on its way from tlie chip-cask to racking apparatus, generally by means 
of air pressure applied at the chip cask, or through a pressure regulator 
pump interpolated between chip cask and filter, through one or more 
layers of compressed fibrous material, called filter mass, which commonly 
consi.sts of cotton fiber. Beer should always pass through the filter under 
l)aek pressure, as it will otherwise foam to such an extent as to preclude 
the prop('r filling of the trade packages. It should stand in a cold place, 
if practicable, in the chip cellar. 

Jiack-prcs.'iure Racking. The principle of back-pressure racking is to 
create in the delivery package a back pressure sufficiently high to prevent 
foaming of the beer, so as to pennit of readily filling the package without 
loss of time and without the foaming and loss of beer accompanying the 
practice of “gut racking” which formerly obtained. 

Non-alcoholic Beers. All of the above operations are necessary in 
producing non-alcoholic beer. The resulting product is then subjected 
to a vacuum distillation process to remove the alcohol, the product ob¬ 
tained having the flavor and other characteristics. 

Special Brewing Systems. The practice of storing the beer for a long 
period in cold cellars is a rule with some exceptions. Different systems 
have been installed to obviate this necessity, the principle being to obtain 
complete or final attenuation in the fermenting vats. Such systems are: 

Pfaudlcr Sgsiem. Employing glass-enameled steel tanks throughout 
and vacuum aeration for completing fermentation; finishing the beer by 
kraeusening; Schneible system, with high fermentation temperatures; 
chilling and carbonating beer from fermenter to finishing tank; Selg 
system, giving attention mainly to yeast culture, the constructive copper or 
steel fermenting vat with conical bottom permitting removal of sedimen¬ 
tation at any time; Nathan system, only tried experimentally in Europe, 
aiming at cooling of hopped wort, aeration, fermentation, chilling and 
finishing—all in one tank. 

English Top Fermentation Beers. The beers brewed in the United 
Kingdom and its possessions show similar characteristic differences in 
their properties as the German beers. They are called ale, porter and stout. 

Mild beers, whether ale, porter or stout, are such as undergo no second¬ 
ary fermentation, but are marketed about seven days after the principal 
fermentation is finished. 

Stock beers, or old beers, whether ale or stout, are such as have undergone 

a secondary fermentation and are stored about two months or more before 
marketing. 

The mild beers are distinguished from the stock beers by a more sweet- 
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ish (mild) taste, containinK more unfermentod ma!to-<Ie>ctnn arnl less 
aci<l, the old beers, on the other hand, becoininK more alcoholic and tart. 
There is, therefore, much difference in the properties of mild beers and old 
or stock beers. 

Mild (deii are usually brewed of a darker color than old ales, with less 
original gravity and less hops. 

Old or .dock ales have a pale to amber color, quite bitter and more or 
less tart taste, strong hop flavor, and though brewed with a high percentage 
of extract, have less extract left, but contain more alcohol than stout, 
which is inainl}' due to the practice of drj'-hopping ales, which results in 
breaking down the malto-dextrins more effectually than is the case with 
stout, which is not flrj’-hopped. 

Stouts are quite dark, almost black, have a pronounced malt-caramel 
taste and aroma, a sweetLdi taste if mild, and a more or less tart taste, 
according to age and circumstances. They are brewed stronger than ales. 

Porter is brewed le.ss strong than the old beers. It stands in a similar 
relation to stout as does a mild ale to a stock ale. 

Brewing Materials in England. The materials used in England, 
besides nutlt, hops and water, arc usually sugars of different kinds. Such 
arc caramel (produced from glucose) for bhick beers, invert sugar and 
glucose for mild and stock ales, while of late years, rice maize and wheat 
are gaining in favor. The English drinking public now prefer beers of 
low gravity to the stock beers, and since they should contain only a mod¬ 
erate amount of alcohol, but sufficient extract to be full to the palate. 
Sugars should be used for these beers, containing the requisite amount of 
unfcrmentablc extract. 

Malt. Most brewers use some foreign barley malt, together with that 
produced from domestic grain, on account of the better clarification of 
beer and better drainage of wort, while some brewers use California barley 
malt entirely, the beer from which keeps better in hot weather. Usually 
pale malt is employed in the production of all the beers, together with 
some coloring material, preferably caramel, brown malt, amber malt or 
roasted com for dark ales, porter and stout. Sometimes black beers and 
mild ales receive an addition of caramel solution in the fermenting 
vessel just prior to the close of the principal fermentation, tor dark 
beers higher kiln-dried malts are referred by many brewers. 

Hops. With regard to hops, the English brewer favors the employ¬ 
ment of foreign qualities of hops to blend with the domestic article, the 
proportion frequently rising to 50 per cent, chiefly American hops or 
“Yankees.” The English hops are distinguished for their delicacy of 
flavor, especially tho East Kent goldings, and these are eagerly sought for 
flavoring choice pale ales in dry bopping. The relative quantities of hops 
and of other materials to be used in brewing the different beers, according 
to the gravity of wort and other requirements, may be gathered from the 
introductory remarks in the paragraph on “ Brewing, ” also salient differ- 
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onccs in regard to the brewing process employed for the different types 
of beer. 

Brewing Operations for English Beer. The method of mashing is 
essentially the same for ales and stouts whether of the “stock” or “mild” 
type. The crushed malt is passed through a “pony masher,” where it 
strikes and is mixed with the mashing water of about 165® F. for ales, and 
slightly lower for stouts, the initial or mashing temperature being about 
150® F. for the former, and 145® F. for the latter. After thorough mixing 
in the mash-tun the temperature is brought up, by underflow of hot water, 
to 154°, the stirrer is stopped, and the taps are opened after about two 
liours. Tlie grains are sparged with water of about 170 to 160®. The 
wort flowing into the kettle heated to near boiling point until full, when 
hops are adtlod (l.j to 3 lbs.) and boiling (simmering) continued from one 
to two hours, when it is “turned out” into hop-box, strained, pumped on 
surface cooler, then nm over pipe cooler, and ycasted at 58 to 60® F. 

Top-fermentation Appliances and Operations. The essential difference 
between top fermentation and bottom fermentation is in the behavior 
of the yeast, which rises to the top during top fermentation, where it is 
cither removed by suitable implements, by a process called “skimming,” 
or it is allowed to work out of an aperture at the top of the fermenting 
vessel, by a process called, “cleansing.” If the cleansing takes place in 
casks, the yeast working out through “swan necks” into a common trough, 
it is called “Burton union sj'stcm”; if through openings (lips) in the top 
and etlge of upriglit tanks, the tanks themselves being so placed as to form 
a trough of yeast, it is called, “Ponto system.” Then there is a combina¬ 
tion of the skimming and the cleansing systems in the “stone square sys¬ 
tem, tlie yeast working out through the top of a closed stone square, from 
where it is removed by skimming. 

Sccondanj Fenneniaiion. Most English beers are sent out directly 
after racking, dry hopping and fining, without going through any secondary 
fermentation. Stock beers, however, undergo a secondary or slow fer¬ 
mentation in the storage or trade cask. The malto-dextrins of the beer 
supply the substance for this fermentation, being partly degraded by 
inversion enzymes contained in the yeasts and by the diastase introduced 
in dry hopping. Thus, beers that are dry hopped ferment down lower in 
the cask than beers unhopped in cask, like most black beers. The fermen¬ 
tation of the sugars, formed by the breaking down of the dextrins, keeps 
the beer charged with carbonic acid gas, and this condition is essential for 
chocking the development of foreign ferments. Therefore, a sound second¬ 
ary fermentation is of the greatest importance. 

pry Hopping. Ales, usually, and black beers sometimes, receive an 
addition of hops in the storage or trade cask, the quantity varying from 
i lb. for mild ales to 1 lb. per barrel for pale, bitter and stock ales. " 

Priming. Often a solution of some kind of sugar is added to the beers, 
especially the black beers, in the cask, which process is called priming. 
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The object is to impart sweetness or body, or to aid secondar\’ fermenta¬ 
tion and give ‘‘Iife‘^ or what in England is termed “conditioir^ or ‘*brisk¬ 


ness. 


M 


Vattiug. In many breweries it is still eustomar>’ to blen<l a young 
beer with an okl one that sliows acidity ami j)roper flavor in a marked 
degree, in order to give the product the character of age. Kspecially is 
this done with stouts. Tlie old beers are called vats and as much as 25 
per cent is blended at times willi the young beer. 

Bottling AU'.s. Ale for bottling shouhl be (according to ^\'^ight) 
allowed to go tlirough all its cask changes, spontaneous brilliancy (unaided 
by finings) at the end of them being the sitnplest criterion for bottling. 

Lager Beers in Germany and Austria. Besides the recognized types, 
like the Bohemian, Vienna and Baearian beers, of each of which there are 
brewed two V'arietics, the Schenk or winter beer, and the lager or summer 
beer, there are brewed for .s[)ecial purposes beers of each type like Bohe¬ 
mian export, Vienna export or Bavarian export, or beers brewed for special 
occasions, like bock. 

Bcu'arian Beer is light browTi (like the Munich) to dark brown (like the 
Kulmbacher). It has palatability, a sweetish taste and malt flavor, 
moderately attenuated through fermentation (65 to 70 per cent) original 
gravity of wort 125 to 15; for bock and export 15 to 18. 

Bohemian Beer (like the Pilsener) is light yellow to greenish yellow, 
the Uistc is vinous, dry, somewhat sharp, bitter ta.sto of hops predomi¬ 
nates. More strongly attenuated than Bavarian, 70 to 75 per cent. 
Schenk beers brewed 105 to llj; lager and export 125 to 1.3. 

Wiener Beer is less bitter and darker in color than Bohemian and has 
less malt arorna and is paler than Bavarian. In all respects it takes a 
medium position between both. Schenk beer about 11; export or 
“Maerzen” about 14J to 15. 

Kulmbacher. A very dark beer with the Bavarian characteristics 
especially accentuated, brewed along the lines of a Bavarian lager from a 
very strong, original gravity of wort of about 18 to 19 per cent. 

Bartmunder, Pale, like Bohemian, of about 14 to 15 per cent; from 
low dried malt; strongly hopped, highly attenuated. 

Export and Bock differ from the Schenk and lager in that they are 
brewed stronger and contain more alcohol. Thus the percentage of alcohol 
and extract found, as the result of the analyses of a large number of beers, 

was on the average: Alcohol 

Schenk or winter beer. 3.36 

Lager or summer beer. 3.93 

Export beer. 4.40 

Bock, Doppe, or Maerzen. 4.69 

Character and Properties of Beer. Before selecting and weighing the 
materials in order to start brewing operations, the brewer should clearly 


Extract 

5.34 

5.79 

6.38 

7.21 
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understand the requirements the finished product is to meet, and every 
operation he carries out should be understood with a knowledge of the 
influence it may have in shaping the character of the beer as desired. 

A beer has quality if it possesses recognized merit and meets the require¬ 
ments of the trade. 

A beer has character if its properties conform to those of a recognized 
standard of type. 

1 j’pical beers may differ widely as to their distinctive properties. 
We may distinguish, for instance: 

The liaranati type of lager beer, with a light-brown to dark-brown 
color, malt flavor, and a sweetish taste as the main features, with the 
aroma and bitter taste of hops but little pronounced; usually lively and 
sparkling. Alcohol content about 3^ to 4 per cent. From worts of about 
12^ to 14.J per cent extract. 

The Bohenuan type of lager beer, with a light-yellow to greenish-yellow 
color, pronounced hop aroma, and bitter taste, while the malt flavor is 
not pronounced; usually lively and sparkling. Alcohol content about 
3^ to 3^ per cent. From worts of about 12\ per cent extract. 

The Vienna type of lager beer, with less pronounced character than 
either Bavarian or Bohemian types; in point of color, hop and malt 
aroma, sweet and bitter taste, it takes a place between these two types. 

Alcohol content about 32 per cent. From worts of about 13J per cent 
extract. 


The Dortmunder type of lager beer, with very light color; from long- 
grown, low kiln-dried malt, hop and malt flavor not very pronounced; 
highly and completely attenuated. Alcohol content about 4 to 4§ per cent. 
From worts usually above 14 per cent extract. 

Ale, with a light color, very pronounced hop aroma, and bitter taste, 
and with a rather high percentage of alcohol and tart taste in the aged 
product, either lively or still, and usually clear. From worts of about 
14 to 16 per cent extract. 

Stout, with a very dark color, malt flavor and sweet taste, brewed 
stronger than ale, and possessing a tart taste in the aged product, but 
less alcohol than ale; usually lively. From worts of about 16 to 18 per 
cent extract. 


Porter, with a dark color, brewed like stout, but not so strong. 

TTefss Beer, very light in color, now pronounced malt or hop flavor, 
quite tart, very lively, but not usually sparkling; often turbid. 

Cominon and Steam Beer, light in color, hop aroma and bitter taste 
not very pronounced; very lively and not necessarily brilliant. 

All so-caUed lager beers should possess a certain degree of palatabiUty, 
and should draw mth a creamy, lasting head, which requirements are not 
to the same extent to be met by the other brands. 

Besides the above, there were brewed in America beers to meet special 
requirements, for instance: 
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Low-alcohol Beers, less than 2 per cent alcohol by volume. 

Non-alcoholic Beers, less than 0.1 per cent alcohol by volume. 

Tonics (s<)-calleci), bottled, and brewed with a high percentage of 
extract, usually' all-malt beers, possessing a dark color, cither thoroughly 
fermented with a high percentage of alcohol and comparatively low 
percentage of remaining e.vtract, or imperfectly fermented with a low 
percentage of alcohol, and high pcrccntjige of remaining extract. 

Beers Classified. According to the system of fermentation employed, 
beers may be classified as follows: 


1. Bottom Fermentation 

Pilsener. 

Wiener. 

IMuencheiuT. . 
Dortmunder. . 


German lager beers. 


2. Top Fennentation 

Mild ales and stock ales 

Porter. 

Stout. 


English beers. 


3. Spontaneous Fermentation 

Lambic. 

Faro. 


Belgian beers. 


The influence of the system of fermentation on the composition of the 
beer becomes noticeable, especially in the different quantities of lactic 
acid produced during fermenbRion and storage. 

Bottom fennentation beers have, as a rule, less lactic acid and fewer 
bacteria than top fennentation beers; these, in turn, have less than spon¬ 
taneous fermentation beers. 

Bottom fermentation proceeds generally at a relatively low tempera^ 
turc, viz., 43 to 52® F., but also as high as 45 to 57® F. 

The designation of the two types of fennentation is derived from the 
fact that in bottom fermentation the yeast for the most part settles on the 
bottom, whereas, in top fermentation, it rises to the surface. 

Bottom fermentation takes eight to sbeteen days; top fennentation 

about four to five days. 

In spontaneous fennentation no yeast is added to the wort, the fer¬ 
mentation proceeding slowly through ferments reaching the wort or beer 

accidentally. . ^ ^ .. 

Preservative Principles. The characteristic differences between the 

English and German brewers’ products (ales and stouts—lager beers) 

consist mainly in the high percentage of alcohol in the former, together 

with a larger amount of hops employed, the alcohol content of ales and 
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stouts running from about to 6 per cent by weight, that of lager beer 
from about 3', to 4 per cent, that of wciss beer from about 24- to 3 per cent. 
The amount hops employed for ales and stouts averages over 2 lbs., for 
lager beers from ^ to 1 lb. per barrel. The larger amount of alcohol for 
the English breweries’ product, as well as the larger amount of hops em¬ 
ployed, are required as preservative principles, the alcohol and hop resin 
having well-known antiseptic properties, while the German breweries 
employ refrigeration or low temperatures to preserve the beers in storage 
from spoiling by checking the growth of foreign ferments. Weiss beer, 
which has a relatively low alcohol content and is produced with relatively 
small amounts of hops and without the application of refrigeration, shows 
the influences of these preservative principles, inasmuch as this product 
it made to contain a large amount of lactic acid, produced by the lactic 
acid ferment, which is left unchecked, as it were, during the production 
of weiss beer. 

The difference in the process of production of English beers and lager 
beers consists chiefly in the lesser quantity of materials, both malt and 
hops, employed in the latter, in the low initial mashing temperatures, in 
lower fermentation temperatures, and very low storage temperatures 
(about 32 to 34® F.) and in the treatment of the beer after fermentation. 

Ahs and utouts undergo a brisk secondary fermentation on storage. 
Lager beer reaches the storage or stock cellar either thoroughly fermented 
and then undergoes no secondary fermentation, or it undergoes a slow 
secondary fermentation, in which case the beers are not chilled on storage 
to the same extent. 

Ales and stouts that are stored for a long period are called **stock” 
beers. Those which are stored for only a short period, undergoing no 
secondary fermentation, are called “mild beers.” These are usually 
brewed with less extract (about 14 per cent) and less hops than stock beers, 

and consequently will not keep in storage for a prolonged period like stock 
ales. 

The difference in the production of ale and stout consists mainly in the 
characteristics of the malt and in the treatment of the product after fer¬ 
mentation, ale being produced from pale, or low kiln-dried malt, stout from 
a mixture of pale malt, caramel malt, and black malt. 

Stock ale receives, after fermentation, an addition of hops in the 
storage cask, whereas stout receives no such addition, with the result 
that ale undergoes a more brisk secondary fermentation and consequently 
generally has a higher percentage of alcohol than stout of the same original 
gravity of wort, while stout contains on this account more extractive sub¬ 
stances, and is therefore sweeter to the taste than ale. 

Lager beers and tnild English beers contain considerably less acidity than 
the English stock beers, which are a little tart to the taste, on account 
of some acidity taken up mainly during the storage period, from ferments 
other than culture yeast. 
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The amounts of lactic aci«l in the differont beers, anti which may 
be considered characteristic of the beers, are as follows: 


Weiss beer, about. 0.50 per cent 

Stock ales and stouts, about . 0.20 to 0.30 

Mild ales, about . 0.15 to 0.18 

German lager beers, about. 0.10 to 0.15 


The acidity in lager beer is not due to the development of the lactic acid 
bacteria during its production, but to the development of this organism 
during the growth of the malt. 

Brewing Operations and Equipment, Especially for the Production of 
Lager Beer. Beer is produced from the materials, mainly barley-malt, 
hops, water, and y'east, through the processes of cleaning and cnishing the 
malt, mashing of the malt (with or without other cereals); straining or 
filtering the resulting solution, which contains the extractive substances 
of the materials, from the grains or insoluble portion; washing out the 
grains with hot water; boiling this solution, which is now tenned wort, 
before and after adding hops; straining or filtering the hopped wort from 
the spent hops; cooling of the wort; adding j’east to incite fermentation; 
drawing off the fermented beer; clarifying and giving life to the beer; 
racking the beer into trade packages. 

Besides these operations, which more particularly concern the character 
of the finished product, there are many supplornentary operations neces¬ 
sary as precautionary measures to insure freedom of the beverage from 
taint or contamination of any kind, such as foreign odors or ferments, by 
varnishing of all large wooden receptacles, such as tanks and casks; slahiing 
or otherwise coating iron vessels, such as hop-jack; pitching the wooden 
trade packages, such as barrels and kegs; through cleansing of all beer 
receptacles and utensils, aseptic or antiseptic treatment of all wort or 
beer conduits and of cellar floors, walls, and ceilings by applying suitable 
washes, paints or calcimine; treatment of brewing and boiler-feed w’ater, etc. 

The modem brewery is equipped with power and refrigerating plant, 
while the brewing operations proper are carried out in three departments, 
each so arranged and equipped as to allow of a separate gravity plan 
to transfer of materials in each, viz,, (1) cleaning and crushing of malt 
in elevator or mill house; (2) brewing operations in brew house; (3) cellar 
treatment in fermenting cellars, stock cellars, and chip oisk cellars. 
Besides these there are provided a wash house, the pitch yard, and in 
many breweries the bottling department, or the bottlcry. 

Mill House. This contains elevators and conveyors for bringing the 
malt to the malt storage bins made either of wood, steel, or concrete, capacity 
up to about 10,000 bu.; inalt and cereal scale hoppers of steel, round or 
square, provided with conical bottom; wire cloth cleaning reel; dust 
collector', automatic weighing scales', malt mill to crush malt for extraction, 
provided with magnets for removing particles of iron. 
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Drew House. Hot and cold water tanks; water meter and gauge. Cereal 
cookers of cylindrical form of steel with stirrer, usually heated with 
live steam; mash tun^ a cylindrical vessel of sheet-iron or steel, sup¬ 
plied with a removable perforated strainer or false bottom; also stir¬ 
ring device for mixing malt and water, a steam-heating device and 
sparger to supply a spray of water to wash out grains, a better of wort 
pipes connecting the bottom of mash tun with a copper receptacle called 
the grant; mash-iuti thermometers; safety mash-tun gauge to regulate flow 
of wort; grains tank of steel with conical bottom, usually outside of brew 
house; grains dryer, mash-tun pumps. Brew kettle or copper in which the 
wort is collected from the mash tun and is boiled before and after hopping; 
usually pear-shaped, provided with a steam-jacketed bottom. Hop- 
tearing machine and screening machine to separate the valuable ingredients 
like lupulin; hop-jack provided with perforated false bottom to strain out 
the spent hops, wort pumps, piston or centrifugal; surface cooler, a shallow 
iron or steel pan, allowing aeration and evaporation, causing cooling. 
Wort or beer tank takes place of surface cooler; pipe cooler, the most com¬ 
mon being the Baudelot cooler, consisting of a series of pipes arranged in 
vertical tiers, over the outside of which the wort is allowed to flow; enclosed 
or double pipe cooler takes the place of the Baudelot, consisting of a series 
of tubes forming annular sleeves. 

Fermenting Cellar. Starting or settling tubs of wood used as receptacles 
in which to start fermentation by adding yeast and in which the sludge 
or albumen, coagulated in the kettle by boiling, is separated, usually 
of a size to hold an entire brew. Fermenting tubs used as receptacles for 
the beer during principal fermentation; generally of cedar, holding 50 to 
100 barrels and more. Aiiemperators, usually circular pipes or coils with 
circulating brine; suspended and immersed about 2 ft. below the surface 
of the beer. 

Stock Cellar. Stock or storage vats or tanks are used for holding beer 
during after-fermentation or ripening process or for general storage pur¬ 
pose, usually of cedar, upright, closed at the top, capacity from 50 to over 
1000 barrels; cylindrical glass enameled steel vessels are also used. Vat 
supports consisting of rails supported by cast-iron legs. Manhole doors, 
either outside, closed by lugs, or opening inward, placed nea;' bottom 
of vats. 

Chip Cellar. Chip casks in which clarifying and carbonating take 
place, generally built of quarter-sawed oak, usually barrel-shaped, the 
large-dimensioned ones reinforced by iron rods; also steel construction. 
Attemperators for chip casks are often used, especially in the production 
of chill-proof beer. Cask manhole doors; cask supports. Bunging appa¬ 
ratus for maintaining a certain pressure on the surface of the beer in 
the chip cask and releasing an over-pressure. Beer filters are used for the 
purpose of straining out of the beer any floating particles, such as yeast 
or albumen. Wood pulp or cotton serves as the filtering material, which 
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is comprcssod into cakes or cells placed in a suitable copper or steel shell. 
Pressure-regulating pumps, which allow anj' de.^ired pressure to be put on 
the l>eer passing through the filter on its way from chip cask to racking 
bench, thus reducing necessan,- pressure on the beer in chip cask, and 
strain caused thereby. Back-pressure racking machine introduced to 
prevent loss of gas and do away with beer overflow, entailed by old open- 
style or racking-gut sy.stern. The beer enters through a tube inserted 
through the bunghole of the package, fltting air-tight, and pennitting 
the filling of package against counter pressjirc. Carbonalers, used for the 
purpose of charging stock beer with carbonic acid gas, usually while the 
beer is passing from the chip cask to filter. 

ira.s/i House. \Miero returned empty, packages arc washed. Aulo- 
inaiic barrel washers soak, convey, scnib, and rinse the package with 
little labor. Barrel elevators to raise filled packages from one floor to 
another or to the loading platform. Chip tvasher, a perforated revolving 
device for washing chips. Filter-mass u'osher, a vessel in which the filter 
mass is washed by agitation and flowing water. Uooi>-<lriving machine, 
pitching machine and appliances, to supply a coat of pitch to the interior 
surface of the barrels or wooden trade packages to prevent penetration 
of wood by lx*cr and consequent souring or infection. Different systems 
are employed. The old pitch is usually removed by superheated steam 
or hot air and fresh pitch is introduced either in measured quantity, or by 
means of a spray, the surplus returning to the pitch kettle. 

Bottling Plant. The increasing demand for bottle beer of the non¬ 
alcoholic type, and other soft beverages has resulted during the last 
thirteen years in the establishment of a large number of new bottleries, 
palatial as to magnitude of establishment and expense of equipment, 
typical of the technical advancement made during that period. 

General Arrangement. This must be done with an eye to economy 
and thoroughness. There should be absolutely no useless or double 
handling of any bottle or case, and benches or machines should be so 
placed in relation to each other that they form an unbroken line from 
the dirty returned bottle to the capped and labeled bottle in the case for 

delivery. . 

The bottles are first soaked with caustic soda or other similar solution 

in a soaking device (tank or machine), from which they are run through the 
washing and rinsing machine. They are then filled on a filling machine 
and closed, generally with crowns, but also with corks or other closures, 
after which they are inspected, sterilized, generally by passing through a 
pasteurizing machine, and finally labeled, or otherwise ' e , an 

packed in cases or barrels. * 

Equipnumi. Bottle-soaking tanks usuaUy divided mto compartmenU 

through which the bottles, by means of endless chains, are ^**ried, filling 
and emptying automaticaUy with solutions of soda, and finally water. 
Washing and Hnsing machines for thoroughly cleansmg the bottle inside 
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and outsido. Bottle fdlers, bottle-closing machines for cork, patent stopper, 
crown or seal. Pasteurizing tunics or machines, with automatic tempera¬ 
ture regulators, containing hot-water baths in which the bottles are 
immersed or througli which they are carried by endless chains in order 
to be sterilized, the temperature of the pasteurizing bath being maintained 
at approximately 140° F. Labeling, dating, wiring, machines. Accesso¬ 
ries; tin-foil removers; cork extractors; steaming caps; steaming trays or 
boxes. 


Wine Making. The origin of wine making undoubtedly dates back to 
prehistoric times. \\ hen for the first time some crushed grapes happened 
to be put aside in a vessel, nature itself transformed them into the first 
^\ine, and tliis result, so pleasing to tlie palate, most obviously invited 
repetition as well as attempts at further improvement. 

From these enuie beginnings the art of wine making has slowly devel¬ 
oped, through the experience of centuries, to a high degree of perfection, 
nevertheless still remaining a merely domestic industry, the underlying 
principles of which were, as yet, entirely unknown. The cellar-master of 
old, seeing his wine undergo a renewed fermentation at the time when 
the vineyards blossomed, attributed this to a mysterious sympathy still 
existing between the vines and their offspring. His lack of knowledge is 
evident, but no less so his high esteem for the noble wine which he believed 
animated by some subtle form of intelligence and feeling. 

During the last fifty years the researches of scientists such as Pasteur, 
Hansen, and AVortmann, have led to a better understanding of what 
takes place <luring fermentation and ripening of wine. The old empirical 
methods have been tested in the light of modern biologj^ and chemistry 

and today, perfected and firmly established, the old art of wine making 
has developed into a great industry. 

But, whereas the modern development of most other industries has 
invo ved through centralization with the use of machines instead of 
handpower. facilitating the handling of large quantities and ensuring 
uniformity of product, wine making in these respects has remained largely 
on the old domestic basis. Large wino-making establishments recording 
their annual output in hundreds of thousands or even in millions of gallons 
arc found only where grapes are very abundant, as is the case in southern 
1’ranee, but the average wine maker of today still remains to a large 
extent the small wine grower who handles only his own harvest of grapes. 

e even finds it advantageous to grade his harvest according to quality, 
especially so, if he happens to be favored by soil or eUmatic conditions: 

1 rw quantities on a truly industrial scale is, therefore, 

still left to the wine merchant and to the manufacturer of sparkling wine 

blending, produce the standard types that 

meet the demands of the market. 

, Grapes. The quaUty of a wine depends mainly upon the quaUty 
of the grapes from which it is made and the latter is determined by a 
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number of factors such ns variety of grapes, treatment of the vines, soil 
and its cultivation, climatic conditions and the tlcgroe of ripetjess which 
the grapes are allowed to reach. 

It is only where a .suitable variety of grape is grown under cs|)ecially 
fa\orablo conditions u.s to .soil and climate that the higli-grade wines 
can be produced. Under other conditions the identical grape variety 
may give a wine of a distinctly different cliaractor. The Jticsiing grape, 
when grown in California, is different from the Riesling that finds ideal 
conditions for its development in the temperate climate of the sunny 
hills along the Rhine, and the name Riesling on the former label of a 
California wine therefore invites a comparison that cannot but result in 
adverse criticism. The wine growers of each territory, when selecting 
and developing those varieties of grapes that are best suited to local 
conditions, and modifying their methods accordingly, may gradually 
develop wine type.s of their own to bo judged entirely upon their own 
merits. 

It is important that the grapes be picked at the proper time which 
usually means when fully ripe. If picked at an earlier stage they give a 
must containing less sugar but richer in acids. For this reason early 
picking is sometimes resorted to in southern countries where the hot 
and dry climate tends to produce little acid and much sugar. Over- 
ripeness of the grapes is un<le.sirablo as it will cause them to shrink and 
their skin to burst, laying open the juice to the dissolving action of rain 
and dew' and offering breeding places to dangerous “disejuse” germs. 

The w'cathcr during the picking is not without importance. Rain, 
will, to some extent, dilute the must; heat will accelerate, while cold will 
retard the subsequent fennentation. 

Stemming, Crushing and Pressing. After being gathered and carted 
to the winery the grapes are to be prepared for the fermentation as quickly 
as possible. Any delay is likely to detract from the quality of the resulting 
wine. If the production of w’hitc wine is intended, the grapes, which may 
be either red or colorless, arc crushed and pressed, only the juice (must) 
being fermented; if red wine is to be produced red grapes are stemmed 
and crushed, the whole pulp being filled into fermenting vats w’hcre the 
coloring matter is extracted during fermentation. In some cases the 
stems arc left in the fermenting pulp, but as a rule they are removed cither 


before or after the crushing. 

The device used for stemming may consist in its simplest form of a 
wire screen, with meshes of a size to permit the grapes but not the stems 
to go through, over which the grapes are pushed by hand wdth a rake. 
Another device, intended for machine power, consists of a horizonbil 
perforated cylinder in which a shaft with helically arranged arms revolves, 
thereby carrying the stems toward one end and causing the grapes to fall 
through the perforations. 

The machine in which the grapes are crushed usually consists of a 
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hopper, feeding the grapes to a pair of adjustable grooved rollers revolving 
in opposite directions and with unequal speed. The purpose is to thor¬ 
oughly open up all of the grapes without crushing the seeds from which 
undesirable substances would otherwise be extracted, whence the rollers 
are adjusted accordingly. Part of the must is often allowed to drain off 
from the crushed grapes by gravity alone and may be fermented separately 
as being superior to the rest of the must that is obtained by pressing. 

The wine presses are mostly ordinary screw-presses; sometimes, how¬ 
ever, hydraulic presses are used. The crushed grapes are spread in a 
uniform layer over the press-bed and subjected to a gradually increasing 
pressure. Too strong pressure should not be applied at once lest the 
yield be diminished. As already stated, the pressing of white wines takes 
place before, that of red wines, after fermentation. 

The Must. The grape juice is a watery solution, the main constituents 
of which are: 

1. Sugar; 

2. Organic acids; 

3. Albuminoids; 

4. Flavoring substances; 

5. Pectine and mucilaginous substances; 

6. Mineral substances. 


1. The sugar, during fermentation, is split up into about equal parts 

of alcohol and carbonic acid, and only very little sugar (less than 0.16 per 

cent) should be left in ordinary dry wines. A must containing 16 to 17 

per cent sugar will produce a table wine with an alcoholic strength of 

8 to 8.5 per cent by weight; musts containing less sugar produce the 

light ordmary wines, those containing more sugar result in the heavier 
high-grade wines. 


2 The organic acids, tartaric and malic, although present in coir 
pamtively small quantities, are very essential constituents of the musl 
The tartaric acid mainly occurs in combination with potassium as tartrat 
(bitartrate of potassium) which is precipitated to a large extent during tb 
feraentation. A part of the acids is also consumed by the yeast and b 
certain bactena which accounts for the fact that a wine has less acidit 
than the correspondmg must. The total acidity of must or wine is usuaU 
giv^ as the apparent percentage of free tartaric acid. 

1 h i ^ palatable its acidity must be in proper ratio to it 
Ivor palatability. A light wine without prominen 

0 4 n harmonious as to taste with an acidit 

flat when no ^ but a heavier, highly flavored, wine would taste quit 

tranlra\irL“fo Te^ « 


« 
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3. The must ran contain up to about 1 per cent of albuminoids, of 
which only approximately one-half remains in the wine, the rest beinR 
partly utilized as nourishment by the yeast, and partly precipitated during 
the fermentation. 

4. The flavoring substances increase during fermentation, the fer¬ 
mented must containing: (1) Those originally present in the must; 

(2) others formed during the fermentation, probably mainly by decom¬ 
position of certain albuminoids (amino-acids) contained in the must, and 

(3) the specific flavoring substances produced by the different varieties 
of yeast irrespective of composition of the must. 

5. The pectinc and mucilaginous substances causing tlie thick con¬ 
sistency of the must are practically all precipitated during the fermentation 
as they are insoluble in dilute alcohol. 

6. In a normal must is found from 0.3 to 0.5 per cent of mineral sub¬ 
stances (ash), the amount of which considerably decreases during the 
fermentation owing to the precipitation of potassium in the form of 
tartar. 

I'hc wine maker tests his must to determine approximately the sugar 
and acidity of an average sample. The sugar is detennined by means of 
aerometers such as Oechsle’s must scale, indicating how many grams one 
lit(“r of must weighs more than one liter of water, or Balling’s saccha- 
rruncter, imlicating the percentage of solids in solution. Degrees Oechsle 
divided by five, or per cent Balling multiplied by ^ gives the sugar content 
in per cent of an ordinary must with sufficient accuracy for practical 
purposes. The acidity is measured by titration with standardized alkaline 
solutions. Knowing the ratio of sugar to acidity the wine maker is in a 
position to carry out the subsequent operations with a view to either 
checking or facilitating the decrease in acidity according to the require¬ 
ments. 

A direct correction as to composition by the admixture of less ripe 
grapes or by the addition of tartaric acid. The addition of gypsum, 
which is sometimes used, especially in making red wines, has a similar 
effect, the gypsum reacting upon the tartar so as to form insoluble calcium 
tartrate and bisulphatc of potassium, which latter substances, unlike the 
tartar, remains dissolved in the wine. This method, the so-called plaster¬ 
ing, can only be used to a limited extent, since the laws of most wine- 
producing countries fix a maximum limit for sulphates contained in 
unadulterated wine. 

If the must is too rich in acids, the acidity can be reduced by dilution 
with water and the proper sugar content eventually restored by addition 
of pure cane or grape sugar. This process, known as gallizing, is used to 
some extent in northern countries, especially for white wines, and is generally 
considered legitimate, provided it is carried out so as to actually improve, 
or to render marketable, the product, and not with a view to unduly 
increase its quantity. 
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The Fermentation. When left to itself the must will soon begin 
fermenting. It grows quite turbid, gas bubbles rise to the surface, the 
temperature rises and the viscosity and specific gravity decrease. At 
tile same time the sweet taste gradually changes into a vinous one and 
a distinct flavor develops. Toward the end of the fermentation the 
turbidity gradually disappears and the completed fermentation leaves 
the young wine in a limpid state on top of a heavy sediment. 

These changes are brought about by certain microscopical plants that 
are always present on the skins of ripe grapes. Among them the yeasts 
which cause the alcoholic fermentation, splitting up sugar into alcohol 
and carbonic acid, arc desirable and indispensable, while others, such as 
mycoderma and various bacteria, are undesirable disease germs. 

Between tlie microorganisms a struggle for life goes on in the must, 
each one striving to utilize the nourishment on hand for its own growth 
and producing substances that arc injurious to its competitors. By far 
tlio most important task of the wine maker is to assist the yeast in its 
struggle by offering it the most favorable conditions for its activity. 
His aim is to make the yeast ferment the sugar as completely as possible, 
wliich not only means little nourishment left for other organisms but also 
a high percentage of alcohol prohibiting their growth. Incomplete fer¬ 
mentation, on the other hand, results in a weak and unstable wine sub¬ 
ject to a variety of undesirable changes. 

The Wine-yeasts. The alcoholic fermentation of the must is caused 
by small, usually unicellular budding fungi, most belonging to the different 
varieties of saccharomyces ellipsoideus. Their principal breeding places 
in nature are the ripe juicy fruits where they multiply abundantly 
during the fall. Some of them penetrate with the rain to a certain 
depth into the soil, where a sufficient number keep alive over winter 
to repopulate the fruits of the following year, to which they are carried 
by insects, rainsplashes or the wind. Their perpetuation is facilitated 
by their power of forming spores, small resistant cells appearing under 
certain conditions within the vegetative cells. 

The yeast cells contain an enzyme, the z 3 Tnase, which in contact with 
dissolved sugar transforms it into alcohol and carbonic acid. This fer¬ 
mentation proceeds most satisfactorily at medium temperatures, the 
yeast becomes temporarily inactive at a few degrees above the freezing 
point of the water and permanently weakened at about 100° F. Even the 
most vigorous yeast can only produce about 13 per cent of alcohol by 
weight and this only under e.xceptionally favorable conditions. 

Besides the main products of the alcohoUc fermentation smaller quan¬ 
tities of glycerol, succinic acid and fusel oils are also produced by the 
yeast during fermentation. Apart from the glycerol, that may—as far 
as our present knowledge goes—be derived from the sugar, the other by¬ 
products have recently been shown to originate from amino-acids (e.g., 
Buccimc acid from glutamic acid and amyl-alcohol from leucine) the nitro- 
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gen being utilized by the yeast in the form of ammonia for building up the 
albumen of its own body. In all pnjbability flavoring substances are 
formed by a similar process from other amino-acids, the primar>' products 
being various alcohols and acids, which during the ripening of the wine 
are further transfonnod through oxidation and esterification. 

Pure CuUurca of Yeast. After the Danish scientist Fanil Christian 
Hansen, almost thirty years ago, had discovered moans of distinguishing 
between the different varieties of saccharomyces and had sliown llie 
great advantage of using pure cultures, derivetl from one single c(“Ii, 
in the brewing industry', many different wine-yeasts have been isolated 
and studied. They were found to differ, more or les.s, not only morpho¬ 
logically but also as to the rapidity and completeness with whicli they 
fennent sugar, as well as to their power of decreasing tlie acidity and as 
to the strength and fineness of the flavor lh(*y produce. This naturally 
led to the use of selected pure cultures of yeast for the fermentation of 
wine. Such cultures are kept in stock an<l furnished by especially 
equipped laboratories. In the wineries they are first propagated in a 
suitable quantity of boile<l and cooled must, which is allowed to come 
into vigorous fermentation before added to the bulk of the ordinarj' must. 
The addition of only \ per cent suffices to secure the predominance of the 
selected yeast. 

The use of selected pure yeast rc.sults in better control of the operations, 
a cleaner taste and flavor and an earlier ripening of the wine. A specific 
flavor is also to some extent obtained, according to the ycjist variety 
employed, but many exaggerated claims liavc been made in this respect 
by too ardent advocates of the pure cultures. If wines arc to be re-fer- 
mented pure cultures arc particularly useful, and special advantages are 
are also derived from their use in the manufacturing of sparkling wines. 

Undesirable Microorganisms of the Must. Among the microorganisms 
occurring on the ripe grap)es together with the genuine winc-ycasts the 
most important are: Saccharomyces apiculalus, Afyeoderma vini, and 
acetic acid bacteria. 

The small lemon-shaped cells of Saccharomyces apiculalus arc often 
present in sufficiently large numbers to start the alcoholic fermentation 
of the must, but tliey are soon superseded by the more vigorous Sacchar^ 
omyces ellipsoideus. They produce a less desirable flavor and one of the 
purposes in using pure cultures of yeast is to restrict their activity. 

Mycoderma vini forms a film on the surface of the wine and consumes 
alcohol, transfonning it into carbonic acid and water by oxidation. 
Though it may not be directly harmful, it thereby renders the wine less 

resistant against the attacks of other disease germs. 

The acetic acid bacteria, minute rods that arc often united in long 
chains, produce acetic acid from alcohol and arc, therefore, very dangerous 
disease germs. As little as 0.1 to 0.15 per cent of acetic acid makes a 
wine decidedly **pricked” and with a content of 0.25 per cent most dry 
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wines may be considered undrinkable. Exclusion of the atmospheric air 
protects against the growth of these bacteria. 

Other disease (turbidity, unclean, bitter or sour taste, ropincss, etc.) 
are occasionally caused by other bacteria, especially in the lighter grades 
of wine or in wines that have not been completely fermented. 

White Wines. The white wines arc produced by fermentation of 
grape juice that has been separated from the skins, seeds and stems. A 
fermentation of this kind offers comparatively little difficulty, but the 
resulting wine is decidedly more delicate than those fermented on the 
skins, whence its subsequent treatment and proper ripening require 
greater care. 

Tlic fermentation is usually carried on in casks that are filled to — 
of their capacity with grape juice; the bunghole is closed so as to allow 
the carbonic acid to escape but no air to enter. The duration of the 
fermentation is from one to two weeks, depending on the temperature, 
which usuallyis 60 to 70® F.,and on the quantity of yeast originally present. 
At the end of the fermentation the yeast sediment is sometimes stirred 
up again in order to facilitate the complete splitting up of the sugar and 
the reduction of acidity. 

After the fermentation is over the wine is drawn from the lees into 
another cask in which some sulphur has been burned to check the further 
activity of microorganisms. This cask is completely filled, tightly bunged, 
and as a rule kept at a temperature of 50 to 55® F. Before the rising tem¬ 
perature of the following spring causes a slight revival of the fermentation, 
the wine is racked off from the sediment once more, and this process 
repeated several times during the subsequent ripening period. At each 
racking an oxidation takes place resulting in precipitation of certain 
albuminoids and further development of the flavor, until finally the wine 
has become sufficiently stable to be filled into bottles. 

In the ordinary grades of wine this ripening is generally more or less 
forced by means of a more thorough aeration during the racking, artificial 
clarification (filtration or use of finings), and, eventually, pasteurization. 

The simplest form of wine filter is a cylindrical or conical linen bag into 
which the wine is poured back until it runs clear. The more modem 
filters are closed so as to protect the wine from the air. Their filtering 
material is either pure cellulose or paper-pulp packed into one or more 
filtering chambers or especially prepared asbestos-wool stirred up with a 
smaller part of the wine and pumped into the filter where it desposits as a 
uniform layer on walls formed of fine wire screens. 

Finings are added to the wine in order to produce a very finely dis¬ 
tributed sediment of higher specific gravity which will gradually settle 
to the bottom carrying with it all suspended solid particles. For fining 
white wines isinglass is commonly used. It is soaked in water and at 
last in wine until nearly transparent, and then vigorously beaten with 
some more wine eventually under addition of tartaric acid, filtered through 
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linen and thoroughly distributed into the wine in the cask. One ounce 
of isinglass can generally fine 200 to 500 gals, of wine within eight to 
ten (lavs. 

Red Wines. The red wines derive their characteristics from being 
fermented in contact with the skins of red grapes, from which they extract 
not only coloring matter but also a variety of other substances, especially 
tannins. Normal red wines contain from 0.1 to 0.3 per cent of tannin, 
while the percentage of this substance in white wine does not as a rule 
exceed 0.02 to 0.04 per cent. Owing to tliis high content of tannin, the 
ripening of red wines is a comparatively e.'isy matter once the fermentation 
lijis been properly carried through, but the presence of the skins at the 
fermentation on the other hand gives rise to several difficulties during 
this proce.ss. 

The carbonic acid carries the skins to the surface where they form 
the so-called cap, which must be pushed down repeatedly in order to insure 
proper extraction and uniformity of fermentation. Closed casks are 
tlierefore less suitable; and in the open tubs, w'hich are generally used, 
there is great danger, however, of acctification owing to the free exposure 
of the cap to the air. To overcome thes^e difficulties the fermenting 
tubs arc often provided with removable grates that are held in horizontal 
po.sition about 5 in.s. below the surface of the liquid, thus prohibiting the 
skins from rising to the surface. To insure proper uniformity the wine is 
drawn off at intervals from the bottom of the tubs and pumped back to 
the surface. 

The temperature during fermentation of red wrine is usually 65 to 
85® F. As red wines arc mainly produced in southern countries it is often 
difficult to prevent the temperature from rising too high, a considerable 
amount of heat being gencrate<l by the decomposition of the sugar. Too 
high temperature not only facilitates the growth of various bacteria, but 
also prevents the yeast from completing the fermentation, the result 
being a wine of poor quality and easily subject to further deterioration. 
Artificial cooling is therefore often resorted to, water being circulated 
through cooling coils in the tubs or the wine being pumped through 
enclosed coolers. 

After being fermented the red wine is drawn off into casks, which, 
liowever, are only sulphured in exceptional cases, because most red wines 
do not need this protection and would be more or less bleached by the 
sulphurous acid, lied wines are ripened in practically the same way 
as white wines, but less time and fewer rackings are required to render 
them sufficiently stable for bottling. 

The red wines are mostly fined with gelatine or white of egg. The 
gelatine is soaked in water overnight, dissolved in wine by gentle heating, 
cooled, stirred up with some more wine and added to the cask. One 
ounce of gelatine is required for 50 to 120 gals, of wine. Whites of eggs 
are often used to fine the better grades of red wine, one white for eveiy 
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8 to 12 gals. They are first beaten to a foam, pressed through a heavy 
linen, and then stirred up with some of the wine before being added to 
its bulk. 

Sweet and Dessert Wines. The white and red wines referred to above 
are all dry, i.e., practically all of their sugar having been fermented. 
The sweet wines and the desvsert wines on the other hand contain unfer- 
mented sugar besides a high or even very high percentage of alcohol. 
The typical sweet wines such as “Auslese” Rhine wine, Sauteme, or 
Tokay contain much sugar, but their alcohol is produced by fermentation 
and consequently does not exceed 13 per cent by weight. The dessert 
wines such as port, sherry, Madeira and Malaga are less sweet but gener¬ 
ally contain from 15 to 20 per cent by weight of alcohol, part of which 
has been artificially added. 

The “Auslese” wines and Sautemes are produced from grapes attacked 
by a certain mold, Botnjtis cinerca, which finds favorable conditions for 
its growth in a foggy, cool climate without too much rain. It causes the 
grapes to shrink and to partly dry up; the must being accordingly more 
concentrated and possessed of a peculiarly fine flavor. The fermentation 
is carried out with a view to produce enough alcohol to prevent further 
changes, but since sugar is left unfermented these wines are prone to 
after-fermentation, and as a rule need heavy sulphuring to become 
stable. 

In certain territories the dry and warm climate allows the grapes to 
dry up similar to raisins before they are picked. These yield a very 
concentrated must. The Tokay wine of Hungary are made from such 
grapes, extracted with normally fermented dry wines and pressed. Imi¬ 
tated Tokay is made in a similar way from ordinary dried raisins or from 
must concentrated by boiling in vacuo. 

The various dessert wines contain more alcohol than can be produced 
by fermentation. An addition of alcohol is therefore necessary, and is 
often combined with an addition of condensed must or sugar. The 
alcohol may be added either at the end of the fermentation or at an 
earlier stage, in the latter case preventing part of the sugar contained 
in the must from being fermented. The addition is often made step by 
step, part of the total amount required being added at each racking and 
thoroughly mixed with the wine. During the ripening period the dessert 
wines are kept at a comparatively high temperature and freely aerated. 
This results in the development of the peculiar flavor known as Madeira 
flavor. 

Sparkling Wines. The sparkling wines are produced from either red 
or colorless grapes, the juice alone being fermented as usual for dry white 
wines. After being drawn off from the lees the wine is racked once more; 
a too high content of albuminoids being eventually decreased by an 
addition of tannin. The wine is blended in large vats or casks with a 
view to produce a uniform product from one year to another, and enough 



UIIEWIKG AND MALTING. WINE AND DISTILLED LIQl'DRS 1491 


sugar solution is added so that a pressure of about 5 atmospheres can 
develop during the subsequent fermentation in bottles. Furthermore a 
culture of selected pure yejust is often added, and the wine is then bottled 
and corked, preferably in the spring, l«*cause the rising temperature 
facilitates fermentation. \Mien bottled the wine has a temperature of 
65 to 72® F., but the bottles are kept at about 50® F.,when the fermentation 
has started. This temperature must be kept as constant Jis possible to 
avoid breakage. The duration of the bottle fermentation varies from 
one-half to two years. \Mien the proper pressure is reached the bottles 
arc placed in a slanting po.^ition on special stands, their necks being a little 
lower than their bottoms. A short .shaking and turning movement is 
imparted to them once a day during about si.x weeks while they are gradu¬ 
ally raj.s(!d to a vertical position neck down. In this way the yeast st‘di- 
inent is carried down on the cork, leaving the wine cntirelj' clear. This 
proce.ss can be greatly facilitated by the use of a proper variety of yea.st; 
i.e., one combining a strong fermenting power with a tendency to grow 
in larger clusters. 

The bottles are now taken to the uncorking room and eventually 
cooled to bind the carbonic acid more firmly. The uncorking requires a 
good deal of .skill. The operator holds the bottle in a slanting po.sition 
and gradually loo.^ens the cork until it is thrown out by the pressure 
together with the whole sediment. At the same in.stant the bottle must 
l>c turned upright and preliminarily closed. Some sugar solution is added 
before the bottles are finally corkc<l, the quantity varjdng greatly accord¬ 
ing to the requirements of the trade. The sugar solution is thoroughly 
distributed by shaking and the bottles preferably kept in stock for .‘^ome 
time before being consumed in order that the tjxstc be more harmonious 
arid the carbonic acid more permanently bound. 

Imitation champagne is made by saturating white wine with carbonic 
acid under pressure in a suitable apparatus, but such sparkling wines arc 
generally lucking in life and, when poured into the glass, do not show 
the same permanent sparkling as those made by the slow process of bottle 
fermentation. 

Distilled Liquors. Although the ancients knew of the process of dis¬ 
tillation, the oldest record of its application for obtaining concentrated 
alcohol sho%vs that Arabian doctors used the latter for medicinal purposes 
as early as the tenth centurj'. Up to about the fifteenth centurj', the 
production of many varieties of distilled or spirituous liquors was mainly 
carried out by the monks, who zealously guarded the secret, as is done 
even today in some of the monasteries famous for the exquisite liqueurs 
and cordials that they prepare. From about the fifteenth century on, 
distilling became better known among the people, at first being a house¬ 
hold practice. When laws were passed by some governments, placing 
a tax on distilled spirits and later forbidding distilling operations unless 
they were under government supervision, an industry soon developed. 
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From the laws made by various governments, regulating the tax imposed 
upon the manufacture of distilled liquor, it is thus a comparatively easy 
matter to trace the history of its development. On account of their sever¬ 
ity, such laws were frequently protested against by the people. Even in 
the history of the United States there is an instance of this kind, which 
occurred in western Pennsylvania in 1792 to 1794, when the new excise 
regulation for whiskey caused such a storm of protests, supplemented by 
violence, that President Washington was compelled to call out the militia 
to quell this so-called Whiskey Insurrection” 

Distilled liquors differ greatly in flavor and general character being 
influenced in these respects by the materials and the methods employed 
in their production. Their names vary according to the nation producing 
them. Among the best known distilled or spirituous liquors are: 

1. Whiskey. Made from malt and unmalted cereals in England, 
Scotland, Ireland and Canada. 

2. Kornbranntwein. Prepared from malt and rye, sometimes maize. 
Produced in Germany. 

3. Schnapps. Is much consumed in Germany, also some of the 
neighboring European countries. Represents diluted rectified alcohol, 
flavored or sweetened according to the desired taste. 

4. Brandy. Obtained from grape-wine. Prepared chiefly in France 
and formerly in the United States. 

5. Gin. Produced from malt and usually rye or barley. Manufac¬ 
tured chiefly in Holland, but also in England. 

6. Rum. Made from molasses in the West Indies and other sugar¬ 
cane-growing vicinities. 

7. Slibowitz. Produced from the prune-type plum. Used commonly 
in Austria and some of the Balkan States. 

8. Arrack. Prepared from palm-wine, rice and molasses. Produced 
in Siam, East India, Java, and also Jamaica. 

9. Vodka. Made from rye. Is the common liquor of Russia. 

10. Cordials and Liqueurs. Manufactured chiefly in France and 
Germany. 

Before describing the manufacture of the various types of distilled 
liquors, a few remarks regarding the most important constituent, the 
alcohol, are necessary. 

Alcohol. Ethyl, grain, or fermentation alcohol is derived by the 
fermentation of sugar solutions, under which heading the mashes obtained 
by the saccharification of starch-containing materials are included. In 
its absolutely pure form ethyl alcohol has a specific gravity of 0.7935 at 
60° F. Various authorities, however, differ slightly on this subject, and 
many use a specific gravity of 0.7938 in their tables. It is a limpid, 
colorless liquid that possesses a pungent taste and a vinous, agreeable 
odor. It is miscible with in all proportions. The bulk of industrial alcohol 
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is now obtained from the fermentation of molasses, described more fully 
in Chapter XLII. 

Proof-spirit. Although the correct manner of designating the amount 
of alcohol is to state it as per cent by weight, the per cent by volume is 
generally employed, and in ICngland and the United States still more the 
term proof-spirit. This is tlie old-fashioned way of expressing the alcohol 
strength of spirit, and unfortunately has survived to the present day in 
excise regulations and in the trade. 

According to the old English law, the proof-spirit, used for excise 
purposes, is an alcoholic liquor that weighs exactly twelve-thirteenths of the 
weight of an equal bulk of water, at a temperature of 51 F. The specific 
gravity of such proof-spirit at a temperature of 60® F. is 0.9198. It con¬ 
tains 49.24 per cent alcohol by weight and 57.06 per cent by volume. 
Spirits weaker tlian proof are designated U.P. or under-proof and stronger 
than proof as O.P. or over-proof. 

In the United Stales the proof-spirit is considcrablj' weaker than in 
England, being only 42.52 per cent alcohol by weight and 50.0 per cent 
by volume. The instrument adopted by the United States government 
for ascertaining the strength of the spirit is the Tralles hydrometer, which 
intlicates the per cent alcohol by volume at 60® F. Tralles’ alcohol had 
a specific gravity of 0.7946 at 60® F., or in other words contained 0.25 per 
cent water when compared to alcohol of a specific gravity of 0.7938. 

Distillation. This process, as applied to alcoholic liquors, consists of 
evaporating or volatilizing the alcohol obtained by fennentatioD and then 
pji.ssing the vapors to a condenser, in which they are cooled and condensed. 
The apparatuses used in distilleries vary from the simplest form of a copper 
still and worm condenser to the modem fractionating apparatus. Primi¬ 
tive hoUstills arc employed by some distillers who claim that a certain 
characteristic flavor of their whiskey can only be obtained in this way. 
I’herc are numerous types of modem stills which allow a continuous com¬ 
bined distillation and rectification. Two of the most commonly found 
ones arc described in Chapter I. 

Rectification and Refining. The first portion of alcohol distilled from 
the fermented mash or liquor is a crude milky spirit. It contains more or 
less undesirable alcohols, chiefly fusel oil (amyl, propyl and isobutyl alco¬ 
hols). These vapors are considerably heavier than those of ethyl alcohol. 
They are therefore collected in a special vessel from where the condensed 
liquid can either be separated from the distillate, or it can be run back into 
the still. The last portion obtained from the still contains comparatively 
little alcohol. The excess water to a great extent is held back in the 
“doubler,” or rectifying vessel, of which one, two, or sometimes even 
three, are placed between the still and the worm in the older apparatuses. 

When very concentrated alcohol, namely, rectified which con¬ 

tains about 95 per cent pure alcohol, is desired, the rectification must be 
carried out very completely, which can easily be done in the modem stills. 
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The alcoliolic distillates are sometimes purified by passing them 
through a bed or thick layer of ground charcoal or bone-black. This is 
done to remove more completely the objectionable fusel oil or any other 
oils or ethers volatilized during distillation. This practice is mainly con¬ 
fined to certain types of whiskey and to rectified spirits. 

Whiskey. Under the term whiskey is understood the potable spirit 
distilled from fermented mashes, made either from malt alone or a mixture 
of malt and unmalted cereals. The latter usually are barley, rye, maize 
(Indian com), oats and wheat. In some countries, chiefly Germany, 
potatoes are used. The malted cereals generally are barley malt, rye 
malt, wheat malt, and in a few instances oat malt. 

Genuine whiskeys are of three different types: American (Rye), Scotch, 
and Iri.sh. They differ vastly in flavor, body and color. Space will not 
allow describing in detail the process of manufacture of each of the whiskeys, 
and for this reason only a general description can be given. 

American Whiskey. In the United States two distinctive types of 
whiskey were produced, namely. Rye and Bourbon. The grain used for 
manufacturing rye whiskey was a mixture of rye or barley malt and 
unmalted rye. Bourbon whiskey was made from barley malt or wheat 
and maize (Indian com). The quantity of malt used amounted to from 
10 to 15 per cent of the total weight of the materials in the lower grades 
of whiskeys, and from 20 to 50 per cent in the better grades. Few whiskeys 
were made from malt alone. 

The taste and general character of the different whiskeys varied accord¬ 
ing to the materials employed, their quality—with special reference to 
the malt—and to the methods of mashing, fermentation, distillation 
and aging of the distilled liquor. The finer the quality of the materials 
and the higher the percentage of molt, the better the taste and flavor of 
the product. 

Malt. The general principles of malting, as outlined under Malting, 
were carried out in the same way, so that the resulting malt was of the 
highest possible diostatic power or strength, since the 3 deld in gallons 
of spirit was materially affected thereby. Inferior diastatic malts gave 
rise to difficulties in the saccharification of the starch contained in the 
unmalted cereal, which meant a loss of alcohol. For that reason, the 
malt was prepared from the best grade of six-rowed barley, wheat, or 
rye, and during the growing and kiln-drying periods, all precautions 
were observed to minimize the danger of a weakening effect upon the 
diastase produced by the germination of the grain. 

Unmalted Cereals. Indian com, or maize, was most commonly 
employed for American whiskeys. Rye was mainly used when producing 
whiskey bearing this name. All of these cereals were well matured in 
the field and thoroughly dried before storage in the bin. The taste and 
odor was clean and agreeable and under no circumstances moldy, sour, 
or rancid. 
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Mashing Operations. In the manufacture of American whiskeys, the 
mashinj; operations consisted of: 

1. Pjistifying the starch of the unmaltod cereals. 

2. Changing the pastified starch and that of the malt to fermentable 
sugar (maltose). 

The more maltose obtained, the higher the jield of alcohol. 

The pa.stifj'ing of the starch of the unmalted cereals was done by 
mi.xing 18 to 26 gals, of water—temperature about 140® F.—per bushel 
of the 6nely ground cereal, in a suitable vessel. A small amount of malt 
was frequently ad<lcd in order to as.sist in the pastification of the starch. 
The quantity depend<‘d upon the total percentage of malt used in the 
prcparati()n of the whi.'ike}’. 

Most small distilleries employed a wooden or iron cylindrical tank 
for both the pa.stifying ami inversion. In larger plants, a special vessel, 
termed cooker or converter, in whicli the ma.di could l>e boiled under 
pressure, was usually available. In that case the mash-tank was a separate 
vessel. 

After adding the ground grain to the water, the mi.xture was stirred 
by means of a stirring device and gradually heated to boiling by live 
steam. The mash wius boiled for one hour, or longer, and as soon as 
the starch had l>een properly pjistified it was cooled by adding cold water 
or by pa.s.sing cold water through a coil situated in the tank. As soon 
as the temperature had been reduced to about 150® F., the finelj' ground 
malt was added, lowering the temperature of the entire mjish to about 
140® F. After ma.shing at 140® F. for one-half hour or longer the mash 
wjis heated to 150 to 155® F. by means of live steam. Mashing oi>enitions 
were continued for a short time and the mash then cooled to 70 to 75® F., 
cither by means of the cooling coils in the inash-taiik or by pumping the 
mash through a double-pipe cooler. 

Fernieniation. The almo.st completely saccharified mash was now 
ready for the addition of the yeast. The latter had been previously pre¬ 
pared by taking a certain amount of the ycjist stock and propagating 
it in a small special mash made from barley or rye malt alone, or together 
with unmalted rye, barley, or wheat. This process of propagation resulted 
in the development of an ample amount of vigorous young yeast, so 
that it quickly started a strong fermentation after it had l)een added to 
the cooled large mash. Frequently the small yeast mash was soured, 
which was done by holding it at a temperature of 115 to 120° F. for about 
forty-eight hours. By this time a pronounced souring produced by 
lactic-acid bacteria had resulted. The introduction of this sour mash 
and the lactic-acid bacteria not alone added to the peculiarity of flavor 
of the whiskey, but also was a desirable safeguard against the develop¬ 
ment of acetic-acid bacteria during fermentation, which produced acetic 
acid at the expense of the alcohol. The temperature of fermentation 
was allowed to rise to 85° and even 90° F., but was not allowed to go 
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higher. The time required for thorough fermentation was three to four 
days. 

Distillation and Storage. As soon as the fermentation was complete, 
the liquor was brought to the still and the alcohol distilled. After distilla¬ 
tion, the spirit was stored in heavily charred oak barrels. Such chafed 
casks imparted color to the whiskey and aided in the process of maturation. 
During the latter period, the whiskey was stored in bonded warehouses 
from which it could not be removed until the government tax had 
been paid. The entire manufacture and storage of the whiskey was 
under the supervision of the government officials, and no steps could 
be taken without notifying the revenue man, usually located at the 

distillery. 

Scotch Whiskey. Two different types of whiskey are made in Scotland. 
The one that is the characteristic Scotch whiskey is made from barley 
malt, and is usually termed pot-still whiskey, owing to the old-fashioned 
style of still used in its distillation. The other type is called patcnt-slilU 
or grain whiskey. It is made from barley malt and unmaltcd cereals, 
mostly com imported from the United States. Rye and oats also are 

used. 

The genuine Scotch whiskeys are characterized by a peculiar smoky 
flavor and taste, which originate from the malt. This is due to the 
employment of various kinds of peat as fuel for curing, namely, kiln- 
drying the malt. This peculiarity distinguishes the genuine Scotch 
whiskeys from all other types. They are generally stored about five years, 
or longer, during which time the whiskey acquires a rich, mellow taste 
and improves greatly in flavor. 

Irish Whiskey. Most of the Irish whiskey is of the pot-still typte. 
It is usually prepared from 30 to 50 per cent barley malt, the remainder 
being rye, barley, oats, wheat or a mixture thereof. The malt is not 
peat cured and the resulting whiskeys have a characteristic clean flavor 
and an ethereal bouquet. They are very “dry,” namely, alcoholic in 
taste. 

Kombranntwein and Schnapps. These two liquors represent the 
most commonly employed distilled products in Germany. The former is 
prepared from malt and unmalted cereals, usually rye. Sometimes 
maize is used and very seldom wheat. The general process of manufac¬ 
ture is similar in principle to that employed for whiskey. 

Schnapps is usually obtained by diluting rectified alcohol manufac¬ 
tured from potatoes. The potatoes, after cleaning, are placed in large 
converters, mixed with the necessary quantity of water and heated imder a 
pressure of 30 to 60 lbs., in order to pastify the starch. The mash is then 
cooled and a small percentage of malt, often green malt, added, so as to 
invert the pastified starch. After inversion is complete, the fermentation, 
is conducted in the same way as for whiskey. The process of distillation 
is such that a rectified alcohol results. 
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Brandy. Under the name of brandy is understood those distilled 
liquors obtained by the distillation of prape wines, wino-loes or grape 
pomace. The finest brandy on the market is so-ealled cognac. It repre¬ 
sents the brandy distilled from the grape wines grown in the department 
of Charente, France. The to^m of Cognac is .situated here and is the 
salos-point for the brandy made in this vicinity. France, with its numer¬ 
ous vineyards, is the home of brand)', but consideral>le quantities are now 
being prepared in Algiers and were fonnerly prepared in the United 
States, principally California. 

Genuine brandy, being prepared from the finest and purest fermented 
material, namely, grape wine, is conceded to be the be.st distilled liquor 
known. It is characterized by its verj’ fine, smooth alcoliolic taste and 
exquisite flavor or aroma. It possc.^^ses a rich golden yellow color and 
contains from 45 to 55 per cent of alcohol by volume. Different brandies 
vary in taste and flavor, and the best results are obtained when they arc 
blended together by manufacturers or dealers .skilled in this art. 

The finest brandies are obtained from a sound, light, white wine that 
has been stored about one year and is clear in appearance. Inferior wines, 
such as have soured due to acetic acid development, that posse.ss a moldy 
or othenvise foreign taste and odor, or spoiled wines, produce lower grades 
of brandy. Careful treatment of the affected wine previous to or during 
the distilling operations often results in brandies of satisfactory quality. 

The brandy obtained from wine-lees, namely the yejisty sediment or 
deposits contained in the fermenters and storage cjusks, is not quite as 
fine as that manufactured from grape-wine directly. Still, the brandy is of 
such quality that it can readily be u.sed for blending purposes. 

The lowest grades of brandy re.sult from the distillation of the grape- 
pomace, namely, the skins, the pulpy portion of the grapes, and some¬ 
times also the stems. Such brandy has a raw, rank taste and contains 
much fusel oil, as well as undesirable ethers. 

Ordinarily, brandy is distilled from the grape-wine shortly after it has 
fermented and clarified fairly well. The stills used vary from the simplest 
form to the large continuous apparatus. With the simple forms of stills, 
two distillations are made. The first results in a liquor containing 25 
to 30 per cent of alcohol, whereas the second brings the alcohol content 
up to 65 to 68 per cent by volume. Fractional distillation is often resorted 
to in order to remove as much of the fusel oil and undesirable ethers os 
possible. 

After distillation, the brandy is placed in oak casks, which must bo 
carefully scalded with several changes of boiling water or thoroughly 
steamed. Usually brandy casks are first filled with white wine, so that 
an excess of coloring substances or such os could affect the taste of the 
brandy are removed. 

Brandy must be stored four to five years before it acquires the proper 
taste, flavor and smoothness. Some brands are fifteen to twenty years 
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old before they arc marketed, and naturally command a very high price 
on account of their fine quality. When ready for marketing, the brandy 
is redvicod. bleruled with other batches and sometimes sweetened as well 
as colored to suit the requirements of the trade. 

Imitations of brandy are numerous; in fact the claim is made that less 
than one-half of the brandy consumed is genuine. The most common 
practice of producing cheap brandies is to add diluted rectified grain 
alcohol to a strongly flavored brandy. The resulting product is then 
colored and sweetened. Imitation brandie.s usually receive an addition 
of nenanthic ether, the so-called brandy or lees oil. This substance is a 
colorless, oily liquid ol)tained by the further distillation of the wine-lees 
after removing the alcohol and water. It possesses a very offensive odor 
when concentrated, but upon dilution with alcohol, it imparts an agreeable 
wine odor to it. Much artificially prepared brandy or cognac is made 
from rectihed alcohol, properly diluted, and to which oenanthic ether, an 
extract obtained from oak wood chips, caramel and cane-sugar syrup 
is added. 

Gin. The word gin is a shortened form of Geneva, which is derived 
from the old French word “Genevre,” namely, juniper. It is the spirit 
distilled from a mash prepared from malt together with unmalted cereals, 
usually rye or barley, and is flavored by an addition of juniper berries 
during the rectification of the distillate. Some distillers at the same 
time also add a very slight amount of oil of turpentine and hops, in order 
to obtain a more characteristic flavor. 

Gin originated in Holland, and even today the finest product is pro¬ 
duced in Schiedam, Holland, and bears the name of “Schiedam Schnapps.” 
In time it was imitated extensively by English distillers and such gin is 
sold under the name of “London Gin.” 

Genuine gin is a colorless liquid of delicate flavor and contains about 
52 per cent of alcohol by volume. It is extensively imitated, by flavoring 
diluted alcohol with various essential oils, but such concoctions are decid¬ 
edly inferior in every respect to the genuine article. 

Rum. Among the distilled liquors consumed most commonly, rum 
has by far the highest alcohol content. A genuine rum never contains 
less than 70 per cent alcohol by weight (about 78 per cent by volume) and 
sometimes it is as high as 77 per cent. Rum is manufactured in Jamaica 
and other W'^cst Indies Islands, Brazil, Madagascar, East India and some 
of the Indies Islands; in fact in any region where sugar cane is cultivated 
extensively. The Jamaica rum has a reputation of being the finest in 
quality. 

The materials employed for preparing rum are the molasses, the 
skimmings (scum or foam) of the sugar kettles, and the juice of the sugar¬ 
cane. The higher grades of rum are made from molasses, cane-sugar 
juice and only very little from the skimmings. Lower grades, often called 
“nigger rum” are prepared chiefly from the skimmings and other offal 
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products obtained during the boiling anrl concentrating of the sugar-cane 
juice when manufacturing sugar. Only little good molasses is (‘inploycal. 
Such rum has a pronounced btirnt, sourish taste and its flavor is coarse 
and rank. 

The general method of preparing ordinan.' nun is about as follows: 

When boiling the sugar-cane juice, the foam and scum, which is rich 
in coagulated albuminoids, is skiinmeil and mi.\ed with some of the fresh 
juice. About four times the volume of diluted molasses—containing 25 
to 30 per cent sugar—is then added. This mixture contains about 12 per 
cent of fennentablc sugar. It is placed in open fermenters, and after 
three to four tlays a vigorous alcoholic fermentation sets in. Gn account 
of the high temperature, the sugar is readily fermented. Besides alcohol, 
appreciable amounts of organic acids, chiefly lactic, butjTic and acetic 
acids, arc obtained during fermentation. 

In order to stimulate the fennentation and increase the yield of alcohol, 
it is a common practice in the West Intlies to use some of the spent liquid 
from which the alcohol was distilled, as 3 'east food. This liqui<l is termed 
"dundcr” and contains besides coagulated albuminoids a considerable 
amount of soluble nitrogenous substances and mineral salts, all of which arc? 
valuable as j'cast nourishment. The emplojnnent of this “dunder” for 
diluting the molasses not only stimulates the fermentation and increases 
the yield of rum from a certain quantity' of the materials, but also has an 
influence on the tjistc and flavor of the rurn. At the close of a s(‘ason a 
number of fennenters are filled with “dunder” which is kept therein until 
starting the next season. 

The freshly distilled rum is a colorless liquid, but soon acquires a 
pale yellow to dark amber color from the wooden cjisks in which it is 
stored and transported. Sometimes an adtlition of burnt sugar or caramel 
is made, if a specially dark color is desired. In order to cover or obscure 
the peculiar unplejisjint taste and odor that is frequentl)' noticeable in 
batches of rum, an a<ldition of a small amount of certain aromatic leaves, 
barks or condiments is made at the time of distillation. 

The characteristic tiuste and flavor of the genuine rum cannot be 
imitated artificially. For this reason imitations can easily be detected 
by the expert palate. It, however, is a quite common practice to “stretch” 
rum. This is done by selecting a genuine rum possessing an exceptionally 
strong bouquet—the flavor or aroma being of secondary consideration and 
adding from 1 to 4 times its volume of rectified grain alcohol that was 
previously diluted with distilled water until the alcohol content is about 
the same as that of the rum. This mixture is then stored at about 70'* F. 
for several months to age it, or sometimes the mixture is diluted with 
more water and distillation resorted to. The resulting liquor is stored in 
wooden casks untU ripe for the market. A small amount of so-called 
“rum-essence” ia often added to “stretched” or artificiuUy prepared rum, 
in order to accentuate the rum taste and flavor. 
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The distillation and roctification of the alcohol is carried out very 
carefully. Many operators separate the first one-twelfth volume of the 
rectified distilllate, wliieli has a verj' strong bouquet, so that it can be 
used for blending with the later distillations. The first distillate pos¬ 
sesses a very “ hot ” taste and an unpleasant, rank odor, due to the presence 
of acetic and butyric ethers, volatile acids—chiefly acetic—and certain 
fatty acids and their ethers. 

Slibowitz. This liquor is obtained by fermenting crushed plums and 
distilling the alcohol obtained by the fermentation. It is practically 
colorless and possesses a very clean alcoholic taste and odor. Practically 
no flavor of the plums (prunes) from which it was prepared is noticeable. 
Slibowitz is made by very many farmers, especially in Hungary and 
Servia, who use it as the household liquor. 

Arrack. The genuine arrack is a type of brandy containing about the 
same amount of alcohol as found in rum, namely, 70 to 80 per cent by 
volume. It is prepared mostly in Siam, but also in East India, Java and 
adjacent localities, as well as in Jamaica. The materials employed are 
cither (1) toddy, or palm-white, (2) rice and toddy, (3) rice and molasses, 
with or without addition of toddy. 

Toddy, or palm-wine, is obtained by fermenting the sugary juice of 
the cocoanut palm. Tins liquid is subjected to distillation in order to 
obtain the desired alcoholic strength. 

When rice is employed, the best grades only are used. The grain is 
moistened with water until germination sets in. After the greater majority 
of kernels have started to grow, the rice is crushed between rollers, and 
hot water gradually added to the starchy mass until the temperature is 
about 140® F. The wet starch soon pastifics and is acted upon by the 
diastase fonned during the gennination process, and is thus changed to 
sugar. The fairly clear sugary liquid is strained, cooled to 70 to 75® F., 
and the desired amount of fermenting toddy added. If molasses or 
brown sugar is employed, it is generally added at this stage. As soon 
as the fermentation is over, distillation is started. The stills generally 
used are very primitive, and in consequence, several repeated distillations, 
usually three in number, must be resorted to until the desired alcoholic 
concentration results. 

Arrack generally has a yellowish to light-brown color, the substances 
producing the color being extracted from the wooden casks in which it 
is kept. It has a peculiar bouquet or flavor which originates from the 
toddy or palm-wine. If a considerable amount of molasses is used, the 
flavor or aroma of rum becomes distinctly noticeable, but is not so pro¬ 
nounced that the arrack could be taken for rum. 

Vodka. This is the national distilled Uquor of Hussia. The genuine 
vodka is prepare from rye, employing 15 to 20 per cent of barley malt 
or green rye malt in order to saccharify the starch. Some of the cheaper 
grades of vodka are prepared from potatoes and com instead of rye. 
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Vodka contains from 40 to 60 per cent of alcohol by volume; in fact, 
it is illegal to sell it if the alcohol is less tlian 40 per cent. The method 
of distillation is about the same as that used for patent-still whiskej's. 

Liqueurs and Cordials. This name includes a largo number of spirit¬ 
uous liquors used as appetizers or after-dinner relishes. The materials 
employed in their production consist of highly rectified alcohol, cane- 
sugar sirup, and flavoring substances obtained from fruits, aromatic 
herbs and seeds, or perfumes. 

The process of manufacture varies according to the character and 
quality of the goods. Cheap imitations of well-known high-grade cordials 
are commonly made. The best li<iueurs arc obtained by macerating the 
aromatic flavoring substances in the alcohol and later subjecting the mix¬ 
ture to distillation. The distillate possessing the delicate aroma and 
flavor is then sweetened with sugar-syrup and colored. The cheaper 
grades are prepared according to the essence process, which consists in 
adding the desired essential oils, either of natural or artificial origin, to 
the alcohol, sweetening and coloring as desired. Another process is 
termed the infusion process. In this, the fruits, aromatic herbs or seeds 
or flavoring agents are steeped in the alcohol and sugar. After standing 
for some time, the liquid portion is strained off and placed on the market. 

Liqueurs and conlials vary greatly in taste, flavor, color and alcohol 
content. In the following are given some that arc best known and most 
commonly consumed: 

Chartreuse. Three different types are on the market, namely, green, 
yellow, and white Chartreuse. They have been prepared for centuries 
by the Carthusian monks, who have zealously guarded their secret of 
production even to this day. Chartreuse is prepared from a mixture of 
aromatic herbs and seeds, and possesse.s a very delicate flavor and taste. 

Benedictine. This cordial is altogether different in taste and flavor 
from Chartreuse. The genuine Benedictine also is prepared by monks. 

Kirschwasser. This liqueur is colorless in appearance and is obtained 
from cherries. The latter, including the seeds, are crushed and allowed 
to undergo fermentation. The alcohol is then distilled. The finished 
Kirschwasser has a pleasant flavor and bouquet, slightly reminding the 
consumer of ripe cherries. 

Maraschino. This is another cherry cordial distilled from the fer¬ 
mented juice of Dalmatian cherries. It is sweetened by an addition of 

sugar-syrup. 

Prune, Peach, Apricot, and Cherry Brandies are prepared from these 
respective fruits by distillation of the fermented juices. The distillate is 
cither placed on the market as first obtained, or it is sweetened and colored. 
Sometimes an infusion of the fruit in alcohol also is added to the distillate, 
or the infusion itself is placed on the market. They all possess the char¬ 
acteristic flavor and aroma of the fruit from which they are obtained. 

Absinthe. This cordial is very popular in France and is prepared by 
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distilling rectified alcoliol or brandy in wliich wormwood, star-anise, green 
anise seed, fennel, coriander, angelica-root or other aromatics have been 
macerated for ab<)ut a week. The resulting liqueur is greenish in color 
and contains a large amount of volatile oils. On account of the latter, 
absinthe becomes milky when water is added immediately before drinking 
it. 1 he oil of woiiuwood has a very powerful effect upon the nervous 
system, and steady tippling of ab.sinthe causes digestive disorders, induces 
vivid dreams and hallucinations, and may finally cause paralj’^sis or idiocy. 

The aromatic seeds used for its preparation are green 
anise seed, star-anise, anti coriander seed. The distillate is sweetened and 
sometimes also receives an adtiition of orange-flower water. 

Creme de Menlhe is a sweetened liqueur, the flavor of which is obtained 
from fresh mint leaves, usually peppermint. It usually possesses a pro¬ 
nounced green color. 

Cicmc dc I vefte, also called Creme de Violet, has a pronounced odor 
of violets and also is violet in color, artificially obtained. 

Creme de is rose-colored in appearance and is a sweetened liqueur 

having a pronounced odor of oil of roses. 

Creme de Vanilla has a strong vanilla taste and odor. 

Creme dc Cacao is obtained by making an infusion of cocoa, alcohol and 
sugar sirup. 

Curasao. This vciy fine liqueur is prepared by macerating orange 
peel, especially Irom Curasao oranges, in rectified alcohol for a week or 
longer. After distillation and addition of sugar-sirup and a color in g 
substance is made. The finest grades are prepared in Holland. 

Aquavil. Although this liqueur is not a cordial in the true sense of 
tlie word, a brief description is placed here. It is generally used as an 
appetizer. Aquavit is manufactured and consumed extensively in the 
Scandinavian countries, especially Denmark. When the alcohol from 
grain mashes is rectified, an addition of caraway seeds and orange peel 
is made in order to impart their flavor to it. 

Kiimmcl is obtained by distilling alcohol in the presence of the herb 

cumin and caraway seed. An infusion of these in alcohol also is made. 

The product has a pronounced taste and odor of the caraway seed and is 

sweetened moie or less according to the demands of the trade. It is veiy 
popular in Germany. 
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Al)smthc, 1501 
Absolute alcohol, 1149 
uses, 1153 
Absolutes, 1054 
Absorption test, glue, 1441 
Aci»cia, 1054, 1093 
Accclcmtors, 1125 
Acetates, 901 
Acetate silk, 1254 
Acetic acid, 904 
glacial, 905 

Acetone, 901, 905, 923 
Acetophenone, 1087 
Acetylene, 819 
generator, 821 
Acid colors, 1269 
cotton, 1270 
silk, 1270 
wool, 1269 

Acid hemlock leather, 1366 
Acid, linolcnic, 907 
Unolic, 967 
mordants, 1256 
myristic, 967 
oleic, 967 
palmctic, 967 
Acid rinse, 1043 
Acylation, 648 
Adipose tissue, 1321 
Aeroplane oils, 993 
Agar-agar, 1093 
Air compressor oils, 993 
All)ertitc, 850 
Alcohol, 1492 
denatured, 1153 
rectification, 1493 
Aldehydes, 1076 
Algaraohilla, 1399 
Aliphatic compounds, 066 
All^i fusions, 646 
Alkaline starches, 1214 
Alkylation, 647 
Almond oil, 935 
Alum tannage, 1362 
Amber, 1090 


Aml>erKris, 1071 

American brewing operations, 1404 
American lager lH*or, 1405 
American tar still, 831 
American whiskey, 1494 
Ainidation, 048 
Ammonia, 789 
liquor, 754 
picnitc, 1419 
scmbl>er, 752 
sulphate plant, 787 
Ammonolysis, (>48 
An»yl acetate, 1101 
Amyl alcohol, 1101 
Anderson ex|>eHer mill, 905 
Angelical oil, I(K55 
Aniline black, 1277 
Animal fats, 925 
Animal fil)ers, 1229 
Animal oils, 925, 937 
Anime, 1090 
AnLsc oil, 1008 
Anisette, 1502 
Anthniceno, 84-1 

derivatives, 714, 718 
Anti-knock, 873 
Apricot brandy, 1501 
Aquavit, 1502 
Arazym, 1341 
Armck, 1500 
ArrowToot starch, 1215 
Arsenic sulphide, 1340 
Artificial filers, 1229 
Artificial fruit oils, 1071 
Artificial leather, 1311 
Artificial silk, 1253, 1313 
Asphalt, 850, 864 
Austriiin beers, 1476 
Automobile leather, 1380 
Automobile oils, 993 
A 20 colors, 1274 

Bach process, 1183 
Backus process, 1164 
Bagasse, 1179 
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Bag filtration, 1204 
Baking japans, 1140 
Balata, 1127 

Barbet ether process, 1158 
Bark extraction, 1388 
Bark grinding, 1387 
Barks, 1395 
Barrel synip, 1207 
Basic colors, 1207 

chanicteristic properties, I2G8 
cotton, 1208 
rayon, 1208 
silk, 1208 
wool. 1207 
Bating, 1341 

enzyme i)rocess, 1344 
hides, 1341 
Bavarian hides, 1324 
Bayl>erry wax, 952 
Bay oil, lOtil 
Bead soaps, 1017 
Bejiter engine, 1289 
Beef tallow, 948 
Beers, Austrian, 1475 
classification, 1477 
English, 1472 
Gemaan, 1475 
non-alcoholic, 1472 
Beeswax, 953 
Beet sugar, 1192 
crystallizer, 1197 
curing, 1197 
evaporation, 1197 
extraction, 1193 
preparation, 1192 
process diagram, 1198 
purification, 1195 
purging, 1197 
raw material, 1192 
Belt oils, 993 
Belting leather, 1372 
bleacliing, 1376 
currjdng, 1376 
drying, 1376 
hand stuffing, 1376 
hot stuffing, 1377 
oiling, 1376 
stretching, 1378 
wheel stuffing, 1377 
Benedictine, 1601 
Benzaldehyde, 1068 
Benzene derivatives, 668-697 
Benzoic acid, 1086 
Benzoic acid, esters, 1086 


Benzoin, 1073 
Benzol, 838 
agitators, 837 
enrichment, 759 
heating value, 759 
still, 832 

Benzyl alcohol, 1084 
Benzyladineacetono, 1088 
Bergamot oil, 1007 
Binding strength of glue, 1441 
Birch oil, 1002 
Bitter almond oil, 1008 
Bitumens, 849 
Black oils, 993 
Black powder, 1408, 1410 
explosives, 1410 
manufacture, 1409 
raw materials, 1408 
Blast furnace tar, 828 
Blau gas, 806 

Bleached shellac, 1104, 1106 
Bleaching, belting leather, 1376 
cotton, 1246 
fats, 1006 
oils, 955, 959 
silk, 1242 
wool, 1235 
Blown rape oil, 934 
Blubber oils, 937, 940 
Blue gas, 800 
Boiled linseed oil, 971 
Boiling, bone, 1436 
cotton, 1249 
oil, 1141 
silk, 1239 
wort, 1467 
Bone, 1433 
boiling, 1436 
fresh, 1436 

Botany of rubber, 1109 
Bottling plant, 1481 
Brandy, 1497 
Brew house, 1480 
Bre\ving, 1459 
Brewing materials, 1462 
Brewing operations, 1464 
British gum, 1228 
Buckskins, 1350 
Bulking agent, 977 
Burgundy pitch, 1091 
Butanol, 1162 
manufacture, 1162 
Butter fat, 949 
Butter substitutes, 949 
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Button-lac, 1102 
Butyl ncctatc, 1163 
Butyl alcohol, 1IG2 
Butyl cellosolve, 1165 

Calamus oil, 1065 
Calcium carbide, 819 
Calendering rubl>er, 1121 
Calfskins, 1325 
bating, 1346 
liming, 1139 
pickling, 134t> 
vegetable tannage, 1361 
Camphor, 1064 
Candelella wax, 951 
Cane sugar, 1173 

extraction of juice, 1175 
manufacturing process, 1175 
process diagram, 1191 
raw materials, 1173 
Canella oil, 1063 
Car oils, 993 
Carbolic acid, 841 
Carlwn residues, 989 
Carlxination process, 1183 
Carbonizing of wool, 1237 
Carboxylation, 652 
Carnation, 1054 
Camuuba wax, 951 
Casein, 1445 
analysis of, 1451 
application, 1452 
chemistry, 1446 
chi&si(icjition, 1445 
food, 1456 
medicine, 1466 
plastics, 1454 
preparation, 1446 
properties, 1446 
rennin method, 1450 
specification, 1457 
uses, 1457 
Cassia oil, 1064 
Cussic, 1055 
Castor oil, 934, 993 
Costorium, 1073 
Catalyst, 978 
Catalyzers, 976 
copper, 980 
nickel, 980 
reducing device, 970 
Cedar oil, 1064 
Cellopliane, 1316 
Cellosolve, 1164 


Cellosolve. acetate, 1165 
Celluloul, 1310 
Cellulose. 920. 1301 
acetate, 1312 

chen)i<-al (•t)nstitijtion, 1305 
deconijMjsiiion, 131S 
definition, 1301 
derivatives, 1306 
filers, KJ02 
inihistrit-s, 1301 
nitrate, 1307 
physical properties, 1302 
niw materials, 1301 
solubility, 1303 
Centrifugal exhaiistcr, 752 
Ceylon oil, 946 
Chamois leather, 1349 
Charcoal kiln, 897 
Churcoiil pit, 896 
Chardonnet silk, 1253 
Char filter, 1222 
Char filtration, 1205 
Chartreuse, 1501 
Chemical fixing agents, 1257 
Chemicking, 1249 
Chestnut oak hark, 1395 
Chestnut wood, 1393 
Chemng gum, 1127 
China grass, 1253 
Chinese wax, 952 
Chinese wood oil, 030 
Chip cellar, 1480 
Chip soaps, 1017 
Chlorine gas, 1289 
Choice of oils, 001 
Chrome green, 1266 
Chrome tannage, 1354 
dry process, 1359 
one-bath process, 1356 
two-bath process, 1355 
Chrome yellow, 1266 
Cinnamic acid caters, 1084 
Cinnamon oil, 1062 
Cinnamyl alcohol, 1084 
Circulating kier, 1246 
Citronella oil, 1066 
Citrus oils, 1067 
City butcher hides, 1322 
City gas, 725 
Civit, 1071 

Classes of fabrics, 1041 
Classes of varnishes, 1130 
Clove oil, 1069 

Coal, carbonization theory, 730, 739 
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Coal, mechanical handling;, 735 
Coal p.i\s, composition, 740 
crude, 747 
manufacture, 728 
j>lant, 720 
Coal tar, 740, 827 
composition, 740 
Cochin oil, 940 
Cochineal, 1205 
Cocoa butter, 045 
Cocoanut oil, 940 
Co<l oil, 939 
Coke, 740 
composition, 740 
cracking, 870 
mechanical handling, 735 
Cohl test, 991 
Collagen, 1434 
Collar dry room, 1044 
Cc»llar ironer, 1045 
Collar starching, 1044 
Colloid condition, 1429 
Colored fabrics, 1045 
Column still, 833 
Compressor oils, 993 
Condcnsiition, 049 
Condensers, gas, 748 
Cone washer, 1430 
Copal, 1091, 1133 
Copper catalyzer, 900 
Conlinls, 1501 
Cordite, 1418 
Corium, 1321 
Cxirn, 1402 
Corn gluten, 1227 
Corn oil, 932 
Corn sirup, 1209, 1218 
Cotton, 1242 

basic colors on, 12G8 
bleaching, 124G 
boiling out, 1249 
chemical properties, 1244 
chcmicking, 1249 
finishing, 1250 
marking, 1248 
mordanting, 1259 
phthalic anhydride colors on, 1269 
properties, 1243 
singeing, 1249 
souring, 1250 
washing, 1249 
Cottonseed oil, 933 
stearine, 943 
Country bone, 1434 


Country hides, 1322 
Coupling, 053 
Coumarine, 10G9 
Crabbing of wool, 1238 
Cracking, 800 
Crankcase oils, 994 
Creme de Cacao, 1502 
Crf-mo <le Mcntbe, 1502 
Creme de V'anilla, 1502 
Creme de Yvette, 1502 
Creosote oil, 839 
Cresol, 842 
Croton oil, 934 
^jjjiPfude coal gas, 747 
Crude distillation, 1051 
Crude tar, 903 
Cuba w’ood, 1205 
Cup grease, 997 
Cupra-ammonium silk, 1253 
Curn^oa, 1502 
Curing of sugar, 1189 
Currying of belting leather, 1376 
Cutch, 1266 
Cyanogen, 788 
Cylinder printing, 1280 
C>’linder oils, 994 

Dammar, 1091 
varnish, 1131 
Dark varnish, 1140 
Daub, 1384 
Dayton process, 807 
Defection process, 1180 
Deliming, 1341 
Denatured alcohol, 1163 
Dentelles, 1435 
Dcpilation, 1334 
Dessert wines, 1490 
Destructive distillation of wood, 806 
Detergents, 1038 
Detonators, 1427 
Developing agents, 1267 
Dextrin, 1209, 1225 
Dextrose, 1216 
Diazotization, 650 
Diesel oil, 874 
^Di-glycerine, 1425 
Dinitro glycerine, 1425 
Dinitro monochlorhydrin, 1426 
Direct colors on rayon, 1271 
Direct cotton colors, 1270 
Disc chipper, 1388 
Distillation, 1493 
Distillation of tar, 830 
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Distilled liquors, 1491 
/A Ditch jK)wcler, I42G 
Divi-tlivi, 1399 
DoKfish liver oil, 942 
Dolphin oil, 942 
Dr.jnon’s l»loo<l, 1091 
DrenchiriK. 1344 
JJressinK leather, 1400 
Dricre, 972 
Drum taimaKC, 1358 
Dry hides, 1323 
Dr>’ re<luctioii, 975 
Dry suited hitles, 1323 
Dry shortoninn, 983 
Dry stock, 1433 
Dry tanrmKC, 1359 
DiyiuK oils, 970 
Drying rubber, 1110 
Drying tunnel, 1404 
Dye intermediates, 042 
Dyeing, 1255 
assistants, 1257 
mechanism of, 1278 
Dyestuffs, 1255 
clussincntion, 1200 
natural, 1201 
Dynamite, 1421, 1424 
gelatin, 1425 
glycerine, 1031 
low-freezing, 1425 

Erlihlc hydrogenated oils, 983 
Egg oil, 043 
Elcmi, 1092 
Ellagic acid, 1351 
Emulsification, 989 
Enfleurage process, 1053 
•'Engine oils, 99*4 
Engler's researches, 847 
English l>ccr, 1472 
Enriching oils, 700 
Enzymes, 049 
bating, 1344 
Essential oils, 1040 
acid numl>cr, 1075 
adulteration, 1074 
alcohol pcTCcntnge, 1070 
boiling point, 1075 
crude rlistillation, 1051 
ester test, 1076 
fractional distillation, 1076 
modem distillation, 1051 
modem sophistication, 1070 
optical rotation, 1076 



Essential oils, solidification jroint, 1075 
solulrility, 1075 
s|x?cific gravity, 1075 
steam <li.stilI:ition, 1052 
s\^llhc,sis, 1077 
volatile wilvcnts, 1053 
Ester gum, 1139 
Esterification, 051 
Esters, 1153 

high i)oiling. 1157 
Ethanol, 1143 

manufacture, 1144 
Ether, 1158 
Ethers, fruit, 1070 
Ethyl lu-ctate, 1155 
Ethyl alcohol, 1143 
nmnufacturo, 1144 
Eucalyptus oil, 1002 
EuroiKvrn tar still, 830 
EvaiK)r»tion, 1184 
EvniK>ration test, 090 
Exluiustor. 751 
centrifugal, 752 
Exluiusting agents, 1258 
I^plosivcs, 1107 
Expix-Mscil oils, 1052 
Extnict wheel, 1370 

Fabrics, classes, 1041 
colored, 1045 

Farrcl ruhlxjr cnlciuler, 1122 
Fats, 924 
animal, 025 
hicju'hing, 1000 
butter, 949 
classifiuition. 924 
horse, 948 
liquid. 925 
solid, 925 
vegetable, 943 
Fatty oils, 025 
Fell cutters, 1321 
Fermentation, 1408, 1486 
Fermenting cellar, 1480 
operations, 1468 
Filler grease, 995 
Filler press, 9t)9 
Finding oil, 854 
Finishing of cotton, 1250 
Fire test, 989 
Fisli oils, 937 
Fish scrap, 937 
Fixatives, 1073 
Flake soap, 1017 
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Fla.eli tost. OSO 
Flatw<irk ironor, 104t; 
I’lHVoriii^? material.s, 1049 
Odristitution. 1077 
Fla.\s(>o(l, cake fortnor, 900 
crushing rolls, 905 
Jioatcr, 900 
meal, 971 
sifter, 904 
FlayinK, 1321 
P'lint hides, 1323 
FloatiriR stmp, 1019 
I'loorsman, 1321 
I'^loor varnish, 1134 
Flower, ooncrelos, 1054 
lx>rfumo materials, 1054 
IX)mades, 1053 
Foots, 1032 

Fourtlrinier machine, 1290 
Free acid test, 990 
French lacquers, 1100 
French varnish, 1100 
Fresh bone, 1430 
Friction test, 991 

FrizinK, 1350 

Fruit ethers, 1070 
Fulliiiff of wool, 1238 
Fulminators, 1427 
^ur industry, 1405 
Furnace oil, 874 
Fusel oil, 1101 
Fustic, 1205 


Gallo tannic acid, 1351 
Gulls, 1399 


Gambler, 1200, 1398 
Garment press, 104<5 
GarriRue system, 1027 
Gas coal, 738 
Gas, condensers, 748 
crackinp, 877 


development, 725 
^engine oil, 993 


gasoline, 808 


holder, 781 


oils, 880 


production, 727 
purifiers, 764 


raw materials, 727 
retorts, 731 


statistics, 727 
Gasoline, 878 

plumbite treatment, 884 
stabilizing, 882 


Gasoline, through run, 883 
test, 989 
treating, 881 
G:usomoters, 781 
Gear grease, 995 
Gelatine, 1429 
dynamite, 1425 
Gerjinium oil, 1002 
German beer, 1475 
Gilsonite, 850 
Gin, 1498 
Ginger oil, 1065 
Glacial acetic acid, 905 
Glucose, 1209, 1216, 1218, 1463 
commercial, 1210 
concentration, 1223 
manufacture, 1220 
Glue, 1429 

absorption test, 1441 
binding strength, 1441 
foam test, 1441 
grading, 1439 
grease test, 1441 
jelly strength, 1441 
keeping properties, 1442 
manufacture, 1435 
melting point, 1441 
official tests, 1442 
mw materials, 1433 
running test, 1441 
set, 1441 

Glue stock, liming, 1436 
preparation, 1435 
washing, 1435 
Gluten, 1209, 1227 
Glycerine, 1020 

chemically pure, 1031 
constitution, 1020 
dynamite, 1031 
historical, 1020 
purification, 1023 
saponification crude, 1022 
soap lye crude, 1022 
sources, 1021 
steam distillation, 1024 
uses, 1032 

vacuum distillation, 1026 
yield, 1032 
Glycerol, 927 
Goatskins, 1325 
liming, 1339 
Grading of wool, 1234 
Grape sugar, 1224 
Graphite grease, 996 
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Grass? oils, lOGG 
Clniy lituc, ‘.H)l 
Gmy wash, 1249 
Gre:ises, 005 
Grease, cup, 097 
6ber, 995 
KCar, 995 
graj)hite, 09G 
hot neck, 99G 
I>etrolc*um, 99G 
Graf>es, 1482 
Green hone, 1433 
Green s:il(e<l hides, 1323 
Guiiiacum, 1092 
Gums, 1090 
British, 1225 
resins, 1092 
Gun cotton, 1413 
Gutta i)crcha, 1127 

Haddock liver oil, 940 
Haematein, 1263 
Haematoxylin, 12C3 
Halogcnution, G4G 
Holowax, 953 
Hsirdwood distillation, 899 
Hjoidlers, 1374 
Harness leather, 1378 
Harvesting rubber, 1109 
Hawthorne, 1055 
Haider. 1321 
Heat test, 989 
Heavy oil, 839 
Hekmann system, 1027 
Heliotroi>e, 1055 
Hemlock bark, 139G 
Hemlock taiinaRe, 136*1 
Hemp, 1253 
Hempsced oil, 030 
Heterocyclic comiiounds, 710-723 
Hide disinfectant, 1324 
Hide stock, 1433 
Hides, bating, 1341 
city butcher, 1322 
classification, 1322 
country, 1322 
deliming. 1341 
disinfection, 1325 
drenching, 1344 
dry, 1323 
dry salted, 1323 
flint, 1323 
green salted, 1323 
inspection, 1338 


Hides, soaking, 1328 
i^wis®, 1324 

High boiling esters, IISG 
Hog. 1388 
Hogskins, 1327 
Honeysuckle, 1056 
Hops, 1463 

Horizontal converter, 1221 
Horn pith, 1435 
Horse fat, 948 
Horse’s foot oil, 943 
Hot neck grease, 990 
Hyacinth, 1056 
Hyacinth oil, 1083 
Hydnite<l lime, 1335 
Hydnitropic aldehyde, 1084 
Hydrogen, 809, 978 
generator, 814 
introiluction, 981 
purity, 817 

Hydrogenated oils, 975, 078 
Hydrogenation practice, 070 
Hydrolysis, 649 
Hydrophile, 1430 
Hydroxy theory of tanning, 1351 

Iceland moss, 1093 
Ice machine oils, 003 
Illuminating gas, 725 
classification, 725 
constitution, 727 
Indigo. 1261 

applicjition, 1262 
dyeing, 1261 
extracts, 1263 
Indigosol dyestuffs, 1277 
Industrial gas, 701 
Insoluble azo colors, 1274 
Insoluble red woods, 1265 
Insoluble shellac, 1131 
Intarvin, 986 
Iodine number, 900 
lononc, 1061, 1066 
Irish moss, 1003 
Iron buff, 1266 
Ironing, 1045 
d«inglass, 1464 

Japan drier, 1140 
^pan wax, 947, 952 
Jasmine, 1056 
Jelly strength of glue, 1441 
Jobbin's process, 1220 
Jonquil, 1060 
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Jordan cnfiinr. 1200 
Juniper oil, 1000 
Jute, 1252 


Kauri, 1092 
Kerosene, 891 
Ketde, soap, 1009 
varnish. 1130 
Keyes' juocess, 1152 
Khaki. 1207 

Kicsel^iiihr dynamite, 1424 
Killing, 1009 
Kips, 1331 
Kirschwasser, 1501 
Kornbraunt wein, 1490 
Kosher, 1324 
Kraft pnjicr, 1299 
KrauseniuK, 1471 
Kiimmcl, 1502 


Labdanum, 1074 
Lac. 1100 
constitution, 1103 
dye, 1101 

Ijicquers, 1170, 1311 
application, 1172 
French, 1106 
manufacture, 1171 
Lager boor, American, 1465 
I-jinolin, 952 
Lard, 949 
I-jirti oil, 943 
Laundering, 1034 
growth of industry, 1034 
water supply, 1030 
L^aundry, marking, 1035 
\,^aps, 1039 
lavender, 1057 
I-ayerways, 1375 
Laying of pipe lines, 858 
Leather, 1320 
artificial, 1311 
black, 1349 
chamois, 1349 
colors, 1403 
I^mongrass oil, 1066 
Lemon oil, 1067 
Leveling agents, 1258 
Light oils, 910 
Light oil recovery, 782 
Ligno cellulose, 922 
Lilac, 1057 
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Lily, 1057 
Liming, 1335 

skins and hides, 1337, 1339 
Linaloc oil, 1064 
Linalool, 1086 
Linnlyl acetate, 1088 
Linen, 1251 
Linen fiber, 1252 
Linoxyn, 966, 1135 
Linseed oil, 929, 963 
adulteration, 973 
application, 973 
boiled, 971 
break, 968 
characteristics, 965 
color, 968 
constants, 972 
drying properties, 970 
manufacture, 964 
paints, 968 
refining, 969 
Linolenic acid, 967 
Linolic acid, 967 
Liqueurs, 1501 
Liquid fats, 925 > 

Liquid wax, 925 
Liquors, distilled, 1491 
Liver oils, 937 
Ix)g\\’ood, 1263 
aging, 1263 
application, 1264 
chemistry, 1263 
chips, 1264 
extracts, 1264 
liquor, 1204 
Loom oil, 997 

Low-freezing d 3 mamite, 1426 
Low-temperature distillation, 743 
Ix)w-temperature tar, 828 
Lubricating oils, 866, 891, 987 
classification, 987 
manufacture, 987 
tests, 988 

Macerating process, 1053 
Madder, 1265 
Magnolia, 1058 
Malt, 1462, 1466 
Molt glucose, 1225 
Maltose, 1216 
Mangrove bark, 1396 
Manufactured dyestuffs, 1267 
Maraschino, 1601 
Marine animal oils, 937 
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Marine cn^rinc oils, 91)7 
M:ushiiiK. l-9>5 
Mastic, 1092 
varnish, 1131 
Maumcnr test, 991 
Mechanism of dyeing, 1278 
Menasst^ 1179 
Menhaden oil. 937 
Mercury fulminate, 1127 
Mt^ssersehnuilt hy«lroKen cener:itt>r, SM 
Meta cresol, 842 
Metallic niortlants, 1250 
Methanol, 1100 
Methyl alcohol, 901, 1100 
Methyl amine, 1341 
Methyl anthranilatc, 10,8.5 
Military };un cotton, 1413 
Mill, Arulersoii ex|K'ller, 9ti5 
colloid, 1110 
sjiKar, 1170 

Milling machine oils, 997 
Milling room, 1000 
WTniosji, 1058 
Mimosa l>ark, 1397 
Mineral fillers, 1229 
MinKlinff. 1202 
Modern distillation, 1051 
Molasses, 1201 

Molecular rearranjtemcnl, 052 
M. N. T., 1421 
Montan wax, 053 
Mordant aci<l colors, 1273 
Mordant colors, 1272 
Mordanting. <'otton, 1259 
silk, 12.58 
\vool, 1258 
Mordants, 1250 
acid, 1250 
metallic, 1250 
non-inctallic, 12.50 
Motion [lictun* films, 1310 
Mu.sk, synthetic, 1072 
Must, 1484 
Mutton tallow, 048 
Myraholans, 1308 
Myristic acitl, 907 
Myrtle wax, 952 

Naphthalene, 8-12 
derivatives, 098-713 
Nupthalene 8erubl)cr, 749, 752 
Nuphthol esters, 1080 
Narcisse, KHiO 
Narcissus, 1058 


Natunil orcanic dyc.«tuffs, 1201 
Neat's foot oil. 943, 993 
Nerrulol 1). 1551 
Neutral oils, 997 
Neutralization, 052 
.^i'-NeTv flowcT fK-rfumes, 1083 
N<-w-mown hay, 10.5K 
^^^New «slor effi'i-ts, 10s3 
Nickel cataly/er, 9S0 
^ Nickel fonnatc, 977 
N’it;rt*, 1014 
Nitnition, <»4.3 
Nilr<i cclluh>sc. 110,5, 1411 
diluents, 1170 
lacquers, 1143 
manufacture, I 105 
plastics, 1410 
puriheation, 1410 
niw tnat«Tials. 1412 
solvents, 1 U>9 
Xitn> Klyccrine, 1421 
Nitro starch, 1417 
Non-!»lcoholic hwr, 1472 
Xon-«lryinK oils, 935 
Xon-inflammahle wax, 95.3 
Non-metallic mordants, 1250 
Xysol, 1421 

Oak leather, 13ti2 
Oakwoud, 1.394 
Odor groups, 1081 
OU, 924 

acroplatie, 993 
almond, 955 
animal, 025, 937 
nutumoi)ile, 903 
lx‘lt, 993 
black, 993 
bleachinfi;, 1000 
blubix-r, 937, 910 
rake, 971, 973 
car, 993 
castor, 931, 993 
Chinese wood, 930 
choice of, 991 
cuconnut, 940 
cod liver, 939 
compressor, 993 
corn, 93*2 
cottonseed, 033 
cracking of, 800 
crankcase, 994 
croton, 934 
cylinder, 994 
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Oil, (l.iff, 997 

dehydration, 857 
dogfish liver, 940 
<Io]phin, 942 
<lrying, 970 

edible hydrogenated, 983 
egg, 943 
emulsion, 857 
engine, 994 
enriching, 7CC 
fish, 937 
gas, 777 
gas-engine, 993 
haddock liver, 940 
liempsced, 930 
horse’s foot, 943 
liydrogenation, 975 
ice machine, 993 
lard, 943 
lavender, 1057 
linseed, 929 
liver, 937 
loom, 997 
lubricating, 987 
marine animal, 037 
marine engine, 997 
menhaden, 937 
milling machine, 997 
neat’s foot, 943, 993 
neutral, 997 
non-drying, 935 
olive, 935 
olive kernel, 936 
palm, 944 
palm kernel, 946 
peach kernel, 935 
peanut, 935 
perilla, 020 
pine, oil 

poppy. 930 

porpoise, 942 
pumpkinseed, 032 
rape, 934 
reduced, 093 
salmon, 039 
sardine, 938 
screw cutting, 997 
seal, 940 
sesame, 033 
shark liver, 940 
sheep’s foot, 942 
soluble, 997 
soya bean, 031 
sperm, 060 


Oil, spindle, 997 
stainless, 998 
sunflower, 930 
tallow, 943 
tannage, 1343 
tar, 829, 904 
terrestrial animal, 937 
textile machinery, 997 
tobacco seed, 931 
tmnsformer, 998 
transmission, 998 
tung, 930 
turbine, 998 
vegetable, 925 
watch, 998 
well. 993 
whale, 941 

Oil wells, cost of, 856 
drilling, 854 
Oilless bearings, 997 
Oleic acid, 967 
OleorcsLnous varnishes, 1132 
Oleo-resins, 1092 
Olive kernel oil, 936 
Olive oil, 935 
Open tank, 1437 
Orange blossom, 1058 
Orange oil, 1067 
Orange shellac, 1105 
Orchid, 1059 
Organic fillers, 1114 
Orris root, 1066 
Ortbocresol, 842 
Osage orange, 1266 
Osmose process, 1198 
Oven gas tar, 828 
Oven still, 898 
Oxidation, 645 
Oxidized starches, 1227 
Oxygen, 822 
Ozokerite, 850 

Packer bone, 1433 
Pale varnish, 1140 
Palm kernel oil, 046 
Palm oil, 043 
bleaching, 944 
Palma rose oil, 1066 
Palmetto, 1399 
Palmitic acid, 907 
Paper, 1286 
historical, 1286 
mechanical process, 1294 
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Paper, rag, 1287 
raw material, 1287 
soda process, 1295 
sulphate process, 1299 
sulphite process, 1297 
waste paper, 1300 
wood, 1293 
Paracresol, 842 
Paraffin, 864 
Patchouly oil, 10G3 
Patent leather, 1382 
Peach brandy, 1501 
Peach kernel oil, 935 
Peachy process, 1123 
Peanut oil, 935 
PcnLanol, llGl 
Pep|>erraint oil, 1003 
Perfumes, 1049 

chemical constitution, 1079 
commercial synthesis, 1080 
future advances, 1089 
historical, 1050 
industrial application, 1082 
stability, 1079 
Perilla oil, 029 
Permutit softener, 1036 
Persian berries, 1206 
Peruvian balsam, 1074 
Petroleum, 846 
constitution, 848 
grease, 906 
industry, 846 
origin, 846 
production, 853 
products of, distillation, 864 
refining, 858 
uses, 865 

world’s production, 852 
Phenol, 841, 1075 
Phenol ethers, 1086 
Phenybvcctic acid esters, 1083 
Phenylncetic aldehyde, 1083 
Phenylethyl alcohol, 1083 
Photographic films, 1310 
Phthalic anhydride colors, 1209 
on cotton, 1209 
on silk, 1209 
on wool, 1209 
Pickling of skins, 1347 
Picric acid, 1419 
Pine oil, 911, 918 
Pintsch gas, 803 

high-pressure plant, 806 

retort, 805 


Pintsch gas, tar, 829 
Pil>e line, Ltying of, S5S 
Pi|>eridinc, 1125 
Pi|>e stills, 860 
Pitch coal. 850 
Pitch lake, 850 
Plastics from casein, 1454 
Phistics, nitro cellulose, 1410 
Plauson's colloid mill, 1116 
Plumbite trcatnicnt, 8S4 
Polymerization, 052 
Pontianack, 1128 
Ptippy oil, 930 
Porpoise oil, 942 
Portable retorts, 903 
PoUito starch, 1214 
Pour lest, 991 
Powdered extracts, 1392 
Press, filter, 909 
garment, 1045 
Pressure tank, 1437 
Primers, 1427 
Printing cylinders, 1280 
Printing i>rocess, 1280 
Producer gas, 791 
Producer gas tar, 828 
Proof spirits, 1493 
Prune bnindy, 1501 
Prussian blue, 757, 1206 
Pumpkin 8<‘e<l oil, 932 
Purging of sugar, 1189 
Pyro, 1413 

Pyroligneous acid, 901 
Pyrophosijhate, 1437 
Pyroxylin plastics, 1309 
Pyroxylin silks, 1253 

Quebracho, 1394 
Quercitron bark, 1266 

Rag boilers, 1288 
ling paper, 1287 
Railroad powder, 1426 
Rnraic, 1253 
Rape oil, 934 
Rapid fast colors, 1276 
Riiwhidc, 1348 
Raw silk, 1239 
Rayon, 1313 

basic colors on, 1263 
direct colors on, 1271 
special dyes for, 1278 
Reclaimed rubber, 1113 
Recovery of gasoline, 1123 
Red wines, 1489 
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Rjxl woods, insoluble, 1205 
soluble, 1205 
Reds, 1309 
Reduced oils, 993 
Refuse Inc, 1102 

Resinous woods, distilhition of, 90(i 
Resins, 1090, 1132, 1100 
Retort, cylindrical, 89S 
gas, 731 
gas tar, 828 
Pintsch, 805 
portable, 908 
steel, 909 
tsir, 912 
vertical, 733 
Rice starch, 1215 
Robert patent, 1290 
Rockers, 1321, 1303, 1373 
Rodebush process, 1151 
Rolling jack, 1-404 
Rolling of sale leather, 1372 
Rose, 1059 
Rosin, 1097 
change, 1011 
varnish, 1139 
wood, 910 
Rubljcr, 1108 
botany, 1109 
breaking <lown, 1119 
calenders, 1121 
chemical properties, 1111 
coagulation, 1110 
covered wire, 1123 
definition, 1108 
drying, 1117 
geography, 1108 
goods, 1117 
harvesting, 1109 
marketing, 1112 
mineral fillers, 1115 
mixing, 1120 
organic fillers, 1114 
physical properties, 1111 
reclaimed, 1113 
recovery of gasoline, 1123 
solvents for, 1117 
synthetic, 1124 
textiles for, 1117 
vulcanization, 1121 
washing, 1117 
varnish, 1138 
Rum, 1498 
Rumpers, 1321 
Running test, for glue, 1441 


Safety powders, 1426 
Salicylic acid esters, 1087 
S;ilnion oil, 939 
Scindalwood oil, 1064 
Sandarac, 1092 
Snndaruc varnish, 1131 
Sanitation, 1047 
Santalol, 1065 
Saponification, 1009, 1021 
Saponification crude glyc-crine, 1022 
Saponification value, 991 
Sardine oil, 938 
Sassitfnis oil, 1065 
Sausiigc cjisings, 1316 
Soheibler’s strontium process, 1199 
Schnapps, 1496 
Scouring soaps, 1018 
Scouring of wool, 1232 
Scrap, 1014 
Screw cutting oils, 997 
Scrubber condensers, 750 
Scrubber, ammonia, 752 
naphthalene, 749 
tower, 752 
Scrubbers, 752 
Seal oil, 940 
Seed lac, 1101 
»Semi-drying oils, 931 
Sesame oil, 933 
Set of glue, 1441 
Shark liver oil, 940 
Shaving machine, 1401 
Shc-a butter, 947 
Sheep’s foot oil, 942 
Sheepskin, 1327 
liming of, 1340 
vegetable tannage, 1359 
Shellac, 1100 
analysis, 1103 
application of, 1107 
bleached, 1104 
insoluble, 1131 
properties, 1103 
uses, 1107 
varnish, 1106, 1131 
wax, 953 

Side leather, vegetable tanned, 1361 
Silk, 1046, 1238 

acid colors on, 1270 
basic colors on, 1268, 1313 
bleaching, 1242 
boiling off, 1239 
chemical nature, 1240 
gum, 1239 
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Silk, mordanting, 125S 

phtlialic anhydride colors on, 1269 
properties, 1240 
raw, 1239 
throwing. 1239 
wiUl. 1242 
Sinews, 1433 
Singeing of cotton, 1249 
Si&d, 1253 

Skin, structure of, 1320 
Skins, drenching, 1344 
soaking, 1328 
Skivers, 1329 
Skiving, 1376 
Slihowitz, 1500 
Smokeless jwwders, 1417 
Soaking of hides and skins, 1328 
Soap, 1003 
l>c:u), 1017 
boiling, 1009 
chip, 1017 
cold process, 1014 
crutching, 1012 
cutting, 1013 
different kinils, lOOS 
drying, 1018 
finishing, 1011 
fluke, 1017 
floating, 1019 
fniming, 1012 
half-buih*d, 1014 
historical, 1003 
kettle, 1009 
laundry, 1039 
milling, 1010 
pans, 1009 
perfuming, 1019 
plodding, 1019 
|K>wdcr, 1010 
pressing, 1014 
raw materials, 1005 
scouring, 1018 
settling, 1011 
slabbing, 1013 
spray, 1017 
toilet, 1018 
wrapping, 1014 
Soda procc&s, 1295 
Sole leather, bleaching, 1371 
liming, 1337 
rolling, 1372 
tanning, 1306 
SoUd fats, 025 I 
Solid waxes, 926 


S(duhlc oils, 997 
Soluble re»l woods, 1265 
S«)hit)le starches. 1226 
Solvents, 1117, 1143 
Soya bean oil, 931 
Spar varnish, 1133 
Sparkling wine, 1490 
Sj>erm oil, 950 
Si)ertnaceti, 953 
Spice oils, 1070 
Spindle oil, 997 
Spirit varnish, 1130 
Splitting machine, 1402 
Staining, 1255 
Stainless oils, 998 
Staking machine, 1403 
Stand oil, 1141 
Starch, 1209 
alkaline, 1214 
arrowriKjt, 1215 
classification, 1210 
drying. 1213 
hydrolysis, 1216 
liquor, 1212 
oxidizwl, 1227 
{Mitato, 1214 
rice, 1215 
soluble, 1226 
souree.s 1211 
tapiuc’a, 1215 
thin boiling, 1214 
wbcid. 1215 
Starching, 1044 
Station meters, 780 
Steam «li.stillation, 1024 
Steel retorts, 909 
Steel ovens, 898 
Steep waters, 1200 
Stickers, 1321 
Stick-lac, 1101 
Steffen’s ester process, 1166 
Steffen's process, 1149 
Still, iK-nzol, 832 
pi})C, 800 
tube, 861 
turi>entinc, 904 
Stock cellar, 1480 
Strap leather, 1378 
Strike pan, 1185 
Stynix, 1074 
Suet, 947 
Sugar, 1173 

bag filtmtion, 120-4 
cune, 1173 
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Supar, carbonntion process, 1183 
crystallization, 1180 
curinp, 1189 
defection, 1202 
evaporation, 1184 
extraction of juice, 1175 
extraction from molasses, 1197 
prainiiiK, 1187 
mills, 1170 
osmose process, 1198 
purpinp, 1189 
purification of juice, 1180 
rofininp, 1202 
washinp, 1202 
Suint, 1233 
Sulphonation, 044 
Sulphate j)roce8S, 1299 
Sulphidinp, 1330 
Sulphitiition process, 1182 
.Suli>hito extract, 1400 
Sulphur colors, 1272 
Sumac, 1397 
Sumac tannape, 1300 
Sunflower oil, 930 
Sweatinp, 1334 
Sweet water, 1032 
Sweet wine, 1490 
Swiss hides, 1324 
Synthetic alcohol, 1088 
Synthetic aldehydes, 1088 
Synthetic fibers, 1313 
Synthetic musk, 1072 
Synthetic resins, 1108 
Synthetic rubber, 1124 
Synthetics, 1049 

Tucking room, 1401 
TaUow, 947 
beef, 948 
mutton, 948 
vegetable, 945 
Tallow oil, 943 
Tannin, classification, 1392 
extraction, 1388 
liquid extracts, 1390 
Tanning, alum, 1352 
chrome, 1354 
hydroxy theory, 1351 
oil, 1348 
vegetable, 1387 
Tapioca starch, 1215 
Tar, crude, 903 
distillation, 830 
extractors, 750 
oils, 904 


Tar, separator, 764 
Tar still, American, 831 
European, 830 
Tawing, 1352 
Torpinool, 1089 

Terrestrial animal oils, 937, 942 
Tentranitro glycerine, 1425 
Textiles, 1117, 1229 
coloring, 1255 
definition, 1229 
machinery oils, 997 
origin, 1229 
printing, 1255 
Thin boiling starches, 1214 
Tobacco seed oil, 931 
Toilet soaps, 1018 
Toluol, 838 
Tower scrubber, 752 
Tragacanth, 1093 
Transformer oils, 998 
Transmission oils, 998 
Trinitro toluol, 1420 
T. N. T., 1420 
Tuberose, lOCO 
Tube stills, 801 
Tung oil, 930 
Turbine oils, 998 
Turkey red oil, 934 
Turmeric, 1266 

Turpentine, 1070, 1090, 1093, 1139 
American improvement, 1094 
annual production, 1099 
crude, 1097 
distillation, 910, 1096 
extraction process, 915 
French improvement, 1094 
method of collection, 1090 
still, 904 

Twitchell process, 1016 

Uintaite, 850 
Unhairing hides, 1338 
Union solo leather, 1367 
Union tannage, 1367 

Vacuum distillation, 1025 
Valonia, 1399 
Vanilline, 1070 
Von Ruymbeke process, 1026 
Vapor phase refining, 888 
Varnish, 1130 
classes of, 1130 
dammar, 1131 
definition, 1130 
films, 1135 
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Vamish, filtration, 1137 
Fronfh, 1100 
kettle, 1130 
mukinn, 1130 
mastic, 1131 
nomenclature, 1133 
olcoresinous, 1132 
rosin, 1130 
nil)l)inK> 1158 
KindaRic, 1131 
shellac, 1100 
sf)irit, 1130 
8t4»cks, 1130 
(hinninc, 1275 
Vat colors, 1275 
VeRCtable drying oils, 929 
VegeUihlc fats, 943 
Vegetable fibers, 1229 
V^egcbible non-drying oils, 935 
Vegetable parchment, 1317 
Vegetable oils, 926, 928 
Vegetable semiKirying oils, 931 
VegcUible tannage, 1359 
VcgcOible tanning materials, 1387 
Vegetable UiUow, 9-15 
Verbena oil, 1003 
Verticjil converters, 1221 
Vertical rcU^rta, 733, 899 
Vetever oil, 1005 
Violet, 1000 
Virgin oil, 930 
Viscose silk, 1254 
Viescosity, 989 
Votlka, 1500 
Volatile solvents, 1053 
Vulcanization nceelerators, 1126 
Vuleaniz<'«l fiber, 1317 
Vulcanizing process, 1120 

Wallflower, 1001 
Wjisher 8crubl>cr, 749 
Wtishing, theory of, 1031 
machine, 1037 
Waste, 1300 
Waste hcjit boilers, 700 
Wuteh oil, 998 
Water gtis, 700 
apparatus, 701 
automatic control, 705 

wl^’r wftener, Zeolite process. 1030 
Wntcr-tul>e condenser, 749 
Wattle bark, 1397 
Wax, 924 


Wax, bayberr>', 952 
candolella, 957 
c;kniauba, 051 
Chinese, 952 
Japan, 947, 952 
liquid, 925 
montan, 953 
myrtle, 952 
non-inflammable, 953 
shellac, 953 
solid, 925 
wool, 952 
Well oils, 993 
Whale t»il, 941 
Whejit gluten, 1227 
Wheat starch, 1215 
Whiskey. 1494 
White wine, 1488 
Wihl silk. 1242 
Wine, dessert, 1490 
making, 1482 
red, 1489 
sixarkling, 1490 
eavcct, 1490 
white, 1488 
Wintergrecn oil, 1003 
Wood alcohol, 002 
Woo<l distillation, 896 
Woo<i paper, 1293 
Wood rosin, 919 
Wooil spirits, 1098 
Wood turi>cntine, 917 
Wool, 1046, 1230 
acid colors on, 1269 
basic colors on, 1267 
bleaching, 1235 
carbonizing, 1237 
chemical trciitment, 1235 
entbbing, 1238 
fuUing, 1238 
gmding, 1234 
W’ool grease, 1232 
Wool, roeclianical treatment, 1234 
mordanting, 1258 
pbthalic anhydride colors on, 1209 
scouring, 1232 
sorting, 1234 
Wool wax, 952 
Wort, boiling of, 1407 

XylcDol, 842 

Yeast. 1487 
Ylang-ylang, 1001 

Zeolite water softener, 1037 



